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INTRODUCTION, OBJECTIVES AND ORGANIZATION 
Introduction 
Bovine tuberculosis caused by Mycobacterium bovis remains 
one of the most prevalent and devastating diseases of cattle 
throughout most of the world (65,110). The economic importance 
and the public health significance of this infection had 
resulted in widespread concern for control and eradication of 
tuberculosis in animals (208). At its annual meeting in Paris, 
November 1991, the International Union Against Tuberculosis 
and Lung Diseases (I.U.A.T.L.D.) listed tuberculosis in 
animals as a top priority for research and control 
(unpublished report). Although tuberculosis in cattle was 
reported for many decades in Morocco (4,59,88), little 
information is available regarding its prevalence and its 
public health significance. 
The detection of bovine tuberculosis in cattle throughout 
the world is based on the tuberculin skin test (180). Despite 
the remarkable effectiveness of the tuberculin skin test in 
screening tuberculosis and in eradication programs (180), this 
test suffers from some limitations such as false positive or 
negative skin responses (97,180). Serological tests such as 
gel precipitation, bentonite flocculation, complement fixation 
passive hemagglutination and fluorescent antibodies for 
detecting tuberculous cattle have been described (24,31,127, 
332). None of them achieved the desired sensitivity and 
specificity or possessed the potential for large scale use 
(179). Development of a more simple, rapid and reliable in 
vitro assay depends on the isolation of species-specific 
immunologically active antigens (49,160). This has been proven 
difficult, because of the complex nature and the chemical 
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diversity characterizing mycobacterial antigens (50). 
Recently, an indirect enzyme-linked immunosorbent assay 
(ELISA) was developed for detection of mycobacterial 
antibodies on sera of animals naturally or experimentally 
exposed to some pathogenic mycobacteria (84,195,203,204,205, 
206). Although ELISA for detection of tuberculous cattle was 
found to be very sensitive (179), the usefulness of this test 
to help differentiate between infections caused by M. bovis 
and those caused by other mycobacteria or related organisms 
remains to be investigated. 
Objectives 
The objectives of this study were: 
1. To prepare soluble extracts of viable field isolates 
of M. bovis. M. avium. M. fortuitum. R. eaui and N. asteroides 
using sodium deoxycholate (DOC) and fractionate the extracts 
by size-exclusion chromatography. 
2. To evaluate the biological activity of fractionated 
extracts by conducting delayed-type hypersensitivity tests in 
homologously and heterologously sensitized guinea-pigs. 
3. To evaluate DOC extracts in ELISA for detecting 
antibodies in sera of cattle before and after injection with 
each of five bacterial sensitinogens. 
4. To obtain information on bovine tuberculosis in 
Morocco by conducting a bacteriologic and histopathologic 
examination on tissues collected from cattle in five major 
abattoirs. 
5. To evaluate the usefulness of an indirect ELISA using 
M. bovis PPD and DOC extracts as antigens for detecting 
antibodies in sera of cattle naturally exposed to M. bovis or 
other mycobacteria. 
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Dissertation Organization 
The dissertation begins with a literature review. This 
is followed by a description of the experimental work which is 
divided into three parts. The first is devoted to the 
production and biological evaluation of antigenic extracts 
from M. bovis. M. avium. M. fortuitum. B» eaui and 
asteroides; the second part concerns a survey on bovine 
tuberculosis conducted on five major abattoirs of Morocco; and 
the third part describes a field study on bovine tuberculosis 
conducted on five different cattle herds. A general summary 
followed by a list of cited references completes the 
dissertation. 
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THE MYCOBACTERIA: A LITERATURE REVIEW 
Introduction 
The genus Mycobacterium is responsible for more misery 
and suffering than any other genus of bacteria (79). It 
includes species which cause well known diseases in humans 
such as tuberculosis and leprosy (79). Mycobacterial 
infections are common and account for substantial contribution 
to both increased illness and death in patients with acquired 
immunodeficiency syndrome (231) . In animals, this genus 
includes causative agents of bovine tuberculosis and 
paratuberculosis; two serious diseases to the animal industry. 
Taxonomy 
Mycobacteria are classified within the family 
Mvcobacteriaceae. order Actinomycetales, and class 
Schizomycetes (220). The genus Mycobacterium is the sole 
member of the family Mvcobacteriaceae (220). As defined 
recently (76,79,220), mycobacteria are aerobic, nonmotile, 
nonsporeforming, non capsulated rod-shaped bacteria. They are 
considered to be gram-positive but are not readily stained by 
Gram's Method. The best known property of mycobacteria is 
acid-alcohol fastness, implying that after staining with basic 
fuchsin or related dyes, they resist subsequent decolorization 
by alcohol as well as by strong mineral acids. This property 
is unique to the mycobacteria, and other closely related taxa 
such as Nocardia. Corvnebacterium. and Rhodococcus which may 
exhibit partial acid fastness. Thus, the genus is more 
properly defined by other taxonomic criteria, notably chemical 
analysis of the cell wall mycolic acids. Distinguishing 
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features of the genus Mycobacterium are listed in Table 1. 
Soon after the discovery of the leprosy bacillus and 
mammalian tubercle bacilli, a wide assortment of other acid-
fast organisms were readily recovered from various domestic 
animals and environmental sources (32,112). These organisms 
received minimal attention, mainly because both human and 
bovine tuberculosis were so prevalent and devastating (32). 
The emergence in the fifties of a wide range of these 
mycobacteria, most frequently referred to as atypical 
mycobacteria capable of causing disease,both in human and 
animals has given rise to problems in diagnosis and 
nomenclature (32,112,211). Thus, some kind of classification 
was necessary to put these organisms into a workable 
perspective. By 1954, a simple classification scheme based on 
pigmentation and rate of growth was adopted (32,218). This 
classification known as Runyon's classification has been 
widely used (32). It is presented in Table 2 with species of 
significance. 
Table 1. Differentiation between Mycobacteria and 
taxonomically related bacteria (220) 
Genera 
Features 
Mycobacterium Nocardia Rhodococcus Corynebacterium 
HoIX G+C of DNA 62-70 60-69 59-69 51-69 
Number of carbons 
in mycotic acids 
60-69 46-60 34-64 22-32 
Sensitivity to 
lysis by lysozyme 
Resistant Variable Sensitive Sensitive 
Acid-alcohol 
fastness 
Positive Usually 
negative 
Usually 
negative 
Usually 
negative 
Arylsulfatase Positive Uncommon Negative Negative 
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Table 2. Modified Runyon's classification of "atypical" 
mycobacteria (32,113,159,211,214) 
Runyon's Group Features Significant species 
I 
Mycobacteria that grow in 3 or 4 
weeks and produce pigment only 
after exposure to light 
(Photochromogen i c) 
M. kansasii 
M. marinum 
M. simlae 
11 
Mycobacteria that grow in 10 to 
14 days and produce a strong 
yellow pigment that may deepen 
after exposure to light 
(Scotochromogenic) 
M. scrofulaceum 
M. szulaai 
M. xenoDi 
M. aordonae 
M. flavescens 
III 
Mycobacteria that grow in 3 to 4 
weeks usually forming small 
colonies and exhibiting either no 
or very faint yellowish pigment 
(Nonphotochromogenic) 
M. avium-intracellulare 
M. terrae 
H. triviale 
M. gastri 
IV 
Mycobacteria that attain visible 
colonies in 4 to 6 days and 
exhibit wide variation in 
pigmentation and colonial -
morphology (Rapid growers) 
M. fortuitum 
M. chelonei 
M. smeqmatis 
M. Phlei 
H. vaccae 
Currently, a variety of biologic characteristics, 
including cultural features, drug susceptibility, 
immunological analyses, phage typing, and chemical 
composition, are used in numerical classification 
(112,218,219). More than 100 properties of a given 
mycobacterial isolate can be subjected to computer analysis 
and a high degree of matching (>85% of features) is used to 
group organisms (217,219,220). The genus Mycobacterium is 
divided into 54 species (220), most of which are well 
characterized and defined. Four species are regarded as 
belonging to the "tuberculosis" complex, namely, M. bovis. 
M. tuberculosis. M. africanum and M. microti (218). The first 
two species are the most frequently encountered mycobacteria 
in both human and veterinary clinical practice. Studies of DNA 
homology and serologic relatedness support the reduction of 
these four into a single species (217,218). The remaining 
mycobacterial species are now referred to as non-tuberculous 
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mycobacteria or mycobacteria other than tubercle bacilli 
(M.O.T.T) (113,218) except for M. avium complex which is also 
known as the avian tubercle bacillus. 
Staining and Microscopic Morphology 
Numerous staining methods have been described for 
microscopic examination of smears suspected to harbor 
mycobacteria (194,214,223). The Ziehl-Neelsen staining 
technique is the most usually employed method (223). This 
technique requires heating of smears to permit penetration of 
basic fuchsin into mycobacterial cells and utilizes methylene 
blue as a counterstain (214,223). The Kinyoun modification of 
the Ziehl-Neelsen stain uses more concentrated basic fuchsin 
but does not require heating (214). The stained smears are 
observed with an ordinary light microscope. Acid-fast bacteria 
appear red against a blue background. An alternate method 
using fluorochrome dyes such as auramine 0 and rhodamine has 
been used for acid-fast bacteria (14 5). This method requires 
the use of a microscope equipped with special filters and an 
ultraviolet light source. Acid-fast organisms emit a bright 
yellow fluorescence (192,214). Mycobacteria are rod-shaped 
organisms, straight or slightly curved, occasionally they 
assume a coccobacillary form (192,223). They are arranged 
either singly or in group or bundles of several elements. 
Their size varies according to the mycobacterial species and 
culture media on which they are grown but usually ranging from 
1 to 10 nm by 0.2 to 0.6 urn (220,223). Occasionally, branching 
or filamentous forms are observed, beaded elements have also 
been reported for some species (220,223). Mvcobacterium bovis 
tend to be smaller, larger and less curved than M. 
tuberculosis, and to show uniform rather than granular 
staining (220,223). The size ranges from 1 to 4 jum by 0.2 to 
0.6 [im. 
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Structure and Chemistry of Mycobacteria 
The cell wall 
Mycobacteria possess a very thick cell wall within which 
lies the greatest difference from other bacteria (79,222). 
This uniquely lipophilic structure (25% lipids) is separated 
from the cytoplasmic membrane by a narrow electron-translucent 
zone called the periplasmic space (79,106,164). According to 
Barksdale and Kim (15), the mycobacterial cell wall is 
composed of four layers. The innermost layer consists of 
murein or peptidoglycan which gives the cell its shape and 
rigidity. The peptidoglycan has been chemically characterized 
as repeating units of B 1-4 linked pyranosides of N-acetyl-
glucosamine and N-glycolyl muramic acid which is different 
from N-acetyl muramic acid found in other bacteria (15,79, 
164). The carboxyl groups of muramic acid are linked to tri-or 
tetra- peptide having the sequence: L-alanine-D-isoglutamine-
meso a,S- diaminopimelic acid-D-alanine (16,165). The peptide 
of different glycan chains are bound by interpeptide linkages, 
thus forming a rigid insoluble net surrounding the cytoplasmic 
membrane (16,165). Mycobacteria, unlike other Gram positive 
bacteria are devoid of teichoic acid (15). Beyond the 
peptidoglycan lies a fibrous ropelike structure of a branched 
polymer of arabinogalactan (layer Lj) linked to the murein via 
covalent phosphodiester bridges (15,164,165). This polymer 
consists of 5 arabinose to 2 galactose units linked as 1—• 5D 
arabinofuranose and 1 —>40 galactopyranose (15,164,165). On 
this arabinogalactan matrix are attached the long chains (C Q^-
C90) fatty acids, called mycolic acids which have been 
chemically defined as a-Alkyl, A hydroxy fatty acid of high 
palmitic acid content (48,77,196). The complex arabino-
galactan-mycolate linked to the peptidoglycan is termed the 
covalent skeleton of the cell wall (16,165). The covalent 
skeleton lies immediately under a sheetlike surface layer (L,) 
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of glycolipid or peptidoglycolipid which are made of 
superficial lipids such as mycosides, sulfolipids, cord 
factors, Wax D, peptidolipids and other related compounds 
(8,9,15,77). Some of these substances such as cord factor and 
Wax D have been extensively studied because of their toxic or 
adjuvant properties. Cord factor is a trehalose ester located 
about the surface of the outer cell wall (77,125). It behaves 
as detergent suggesting that it plays a role in facilitating 
the inward movement of certain relevant molecules for cell 
growth (15). Wax D is chloroform extract of mycobacterial cell 
treated with boiling acetone (9,78). The Wax D of M. bovis and 
some saprophytic mycobacteria consists of mycolate esters of a 
polysaccharide containing D-arabinose and D-galactose and 
trace peptidoglycolipids (glycolipid) unlike the Wax D of 
M. tuberculosis made of mycolate esters of the same 
polysaccharide linked to a peptide moiety (9). Wax D 
(peptidoglycolipid) seems to be linked to the peptidoglycan 
through a phosphodiester bridge (9). Mycobacterial mycosides 
are glycolipid (9) which lie within two groups. The first 
group consists of mycosides devoid of amino acid, it includes 
mycosides A, B, G, isolated from M. kansasii. M. bovis and 
M. marinum. respectively (9). Mycosid B seems to be specific 
to bovis (8). Mycosid B is derived from a mixture of an 
aromatic compound composed of phthiocerol and phenol-
phtiocerol (8,9,47). The second group consists of mycosides 
known as mycosides C, containing amino-acids present on 
several species of mycobacteria. They have been chemically 
characterized as fatty acid- D-phenylalanine- D-allo-
threonine- D-alanine- L-alaninol- carbohydrate side chain. 
Mycoside C act as mycobacteriophage receptors and are specific 
antigens of the M.A.I.S. complex (Schaeffer's antigens) (9). 
Sulfolipids known also as sulfatides are neutral red reactive 
trehalose- containing glycolipid found almost exclusively in 
M. tuberculosis (77,78). Their chemical nature has been 
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established as 2,3,6,6'- tetracyl- a-a'-trehalose- 2'sulfate 
(15). 
The cytoplasmic membrane-mesosome 
The ultrastructure of these membranes appears as the 
conventional three layered unit occurring in most other 
bacteria (106,107). They are composed of phospholipid which 
may contain some unusual compounds not found outside 
mycobacteria like phosphatidylinositol mannosides (222). The 
mesosomal membrane system plays an important role in the 
dividing process of the cell (106,107). There is evidence 
suggesting that mesosomes may be the site of cell wall 
biosynthesis (107). 
The cytoplasm 
The nuclear apparatus The genome of mycobacteria 
consists of DNA filaments which are organized in parallel 
strands not bounded by a nuclear membrane. The size of the DNA 
genome has been established to range from 2.5x10' to 4.5x10* 
Daltons (15). 
Ribosomes Mycobacterial ribosomes have been 
characterized as 70 S units and have been separated into their 
50 S and 30 S subunits (15,107). Mycobacterial ribosomes play 
an important role in tuberculosis research since they are 
regarded as possible site of activity of drugs used in the 
treatment of the disease (15,107). Moreover, ribosomal 
preparations have been shown to be immunogenic in mice and are 
regarded as a potential vaccine against disease (15,111,228). 
Granules and vacuoles Granules are electron dense 
spherical globules found inside the cytoplasm. They attracted 
some attention since they were first observed under an 
electron microscope. They occur in a high degree of 
polymerization and consist mainly of polyphosphates, 
suggesting that they serve as energy stores (79,107). Besides 
granules, the mycobacterial cytoplasm is rich in spherical 
structures called vacuoles. They have a lipidic content and 
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are regarded to be responsible for the striated appearance of 
some mycobacteria stained with the Ziehl-Neelsen method (107). 
In vitro Growth Requirements 
Mycobacteria vary enormously in their growth rate and 
nutritional requirements (79) . Some of them develop readily a 
profuse growth within few days on simple media like M. phlei 
and others fail to grow in vitro (i.e., M. leprae). Compared 
to most other bacteria, mycobacteria grow slowly or extremely 
slow with generation time ranging from 2 to more than 20 hours 
depending on the species (220). The slow growth of 
mycobacteria may be explained by the hydrophobic nature of the 
cells associated with their high lipid content impeding the 
permeability of the cell wall, by the low reaction rate of 
their RNA polymerase and by their low ratio of RNA to DNA 
(220). Most mycobacteria grow on relatively simple media 
containing a carbon, a nitrogen source and essential ions 
including Fe++, PO^ ,K+, SO^' ,Mg^+, etc. (79,170). Carbohydrates 
such as glycerol or glucose are the most suitable carbon 
sources for mycobacteria (79,170). Glycerol has been used as 
the primary carbon source in culture media (170,187) and has 
been shown to promote growth of some mycobacteria like 
M. tuberculosis but inhibit growth of M. bovls and M. microti 
when used on primary isolation media (220,223). Other carbon 
sources include organic acids such as pyruvic acid which was 
shown to enhance the growth of M. bovis (79,223). Nitrogen 
sources include ammonia, amino-acids and in some cases nitrate 
ions. Among amino-acids used in culture media, asparagine is 
the preferred nitrogen source for mycobacteria (79,170). Like 
other bacteria, iron is an essential requirement for 
mycobacterial growth. The acquisition of iron by mycobacterial 
cells requires the participation of two classes of iron-
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chelating compounds, namely mycobactins and exochelins 
(14,79,136,191). Most mycobacteria are able to produce iron-
chelating substances, but others like M. paratuberculosis and 
some strains of M. avium complex are lacking this capacity and 
fail to grow on media without mycobactin. This substance is 
considered to be a growth factor for mycobacteria (191). 
Mycobacteria are aerobic organisms, requiring oxygen for 
their development. Mycobacterium tuberculosis is a strict 
aerobe, whereas JI- bovis is microaerophilic and grows better 
in a reduced oxygen pressure on primary, isolation (79,220). 
The optimum hydrogen-ion concentration for mycobacterial in 
vitro growth has been established to range from pH: 5.8 to 7.4 
(223). The optimum growth temperature for most mycobacteria 
is 37®C. However, some species such as M. marinum and 
M. ulcerans grow better at 32®C (220,223). The temperature 
range within which mycobacterial growth occurs is variable and 
is useful in differentiation. Mvcobacterium tuberculosis. 
M. bovis and most M. avium strains do not grow at 25°C whereas 
many saprophytic species grow well at 20°C. Most M. avium 
strains grow quite well at 42°C and others like M. smeamatis 
and rj. Phlei grow at 45®C (220,223). 
Mycobacterial Antigens 
The history of immunology, especially cell-mediated 
immunity is closely associated with the study of tuberculosis 
and the use of tuberculin (49). Since its preparation by Koch 
in 1890, tuberculin used and continue to be the more widely 
utilized microbial preparation (50). The problem of non­
specific tuberculin hypersensitivity in humans as well as in 
cattle, presumably arising from sensitization with non-
tuberculous mycobacteria has given rise to great interest in 
isolating and purifying individual non-shared antigens from 
various mycobacterial species (49,160). An additional reason 
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for purification and characterization of mycobacterial 
antigens is the fact that the pathogenesis of mycobacterial 
diseases seems to be due principally to the immunologic 
responses of the host to mycobacteria, since they are not 
known to elaborate toxins (49). 
During the last fifty years, great efforts have been made 
for that purpose. However, the complex nature and the chemical 
diversity characterizing mycobacterial antigens have limited 
the obtainment of pure specific, well characterized and 
standardized antigens from culture filtrates or cell extracts 
(54). 
For a practical approach, isolation, characterization and 
purification methods are considered first, and the resulting 
antigenic material is reviewed in relation to the 
immunoelectrophoresis reference reagents and nomenclature 
system described below. 
The immunoelectrophoresis reference reagents and 
nomenclature or the United States-Japan reagents 
The immunoelectrophoresis reference reagents and 
nomenclature known also as the United States-Japan reagents 
was first designed by Janicki and coworkers in 1971 under 
sponsorship of the U.S.A-Japan Cooperative Medical Sciences 
Program. It is an accepted standardized reference system for 
identification and nomenclature of individual mycobacterial 
antigens (49,50). Janicki and coworkers prepared a reference 
unheated culture filtrate antigen from the virulent H37Rv 
strain of M. tuberculosis and a homologous polyvalent goat 
antiserum suitable for use in immunoelectrophoresis. They 
subsequently recognize 11 major antigens numbered 1 to 11 
(49,50). Further studies carried out by Daniel and other 
investigators have shown antigens 1 and 2 to be widely 
distributed among mycobacteria and related taxa (49,50). 
Within 14 mycobacterial species studied using this reference 
system, antigen 5 was found to be distributed only in 
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M. tuberculosis and M. bovis. whereas antigens 6, 7, 8 were 
found to be present in the majority of culture filtrates (50). 
Isolation and purification methods 
Sources of antigens Among readily available sources of 
mycobacterial antigens are culture filtrates. Other antigenic 
sources include cell extracts obtained by various physical or 
chemical treatment of whole bacilli (49,82,83,84). Culture 
filtrate of M. tuberculosis was first prepared as early as 
1890 by R. Koch who termed this preparation Old Tuberculin 
(50). This product consists of concentrated sterile filtrate 
of autolyzed heat killed 8 to 12 week old liquid cultures of 
M. tuberculosis (50,121). Later, synthetic media such as 
Long's or Sauton media was substituted for the glycerinated 
meat broth medium used by Koch (50,121); Seibert used non-
heated culture filtrate of tubercle bacilli as source of 
antigens. Although, they have similar antigenic contents as 
culture filtrates, cell extracts are preferred by many 
investigators (49,84). Cell extract preparations are obtained 
from sonicated or pressure-disrupted whole bacilli (49,82) as 
well as from chemically treated cells (84). 
Solubility-based separation methods for antigens Early 
attempts to recover purified proteins from Old Tuberculin 
(O.T.) were carried out by Long and Seibert using various 
chemical products known to precipitate proteins such as 
alcohol, trichloro-acetic acid and ammonium sulfate (49,50). 
The resulting precipitated tuberculo-protein was termed PPD 
(purified protein derivative). Using 8 precipitation cycles of 
O.T. at low temperature by a saturated solution of ammonium 
sulfate, Seibert succeeded in preparing the International 
Standard PPD Tuberculin known also as PPD-S; this serves now 
as a reference material for biostandardization of other PPD 
preparations (49,50). The product was primarily composed of 
proteins with about 5% polysaccharide (49). Subsequent 
analyses of this product utilizing electrophoresis. 
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ultracentrifugation and diffusion showed the product to be 
relatively homogeneous. As a reference standard, it was 
assigned a potency of 50,000 tuberculin units (T.U) per mg and 
its molecular weight was estimated at 10,500 D (49). 
In order to identify the antigenic components contained 
in culture filtrate, Seibert designed a differential 
solubility fractionation scheme based on cold precipitation of 
unheated culture filtrate of tubercle bacilli with acetic acid 
and ethanol (49,50). Seibert described four proteins A, B, C, 
D and two polysaccharides I and II. Unlike tuberculin protein 
antigens C and D, proteins A and B were found to be potent 
skin-test eliciting tuberculin antigens (49,50). Further 
studies have shown antigens 1,2,4,5 and 6 to be present in 
protein A; antigen 6 of a M.W. of 45,000 to 48,000 D being the 
most prominent protein component (49). Similarly, protein B 
was found to contain antigens 1,2,5,6 and 7 ; the latter being 
present in high amounts (49,50). In contrast with protein A 
and B, protein C and D were insoluble at pH: 3.8-4.7, and were 
found to contain antigens 2,6 and 7 (49,50). Polysaccharide, 
fraction I was found to be a glycan in nature corresponding to 
antigen 3 (49,50). Polysaccharide were found to lack the 
capacity to elicit delayed skin responses and were not 
characterized further (50). 
Molecular charge-based separation methods 
Electrophoresis Various electrophoresis 
procedures have been used to fractionate antigenic components 
of mycobacterial culture filtrates or cell extracts (49). 
Zonal electrophoresis as well as continuous-flow paper 
electrophoresis were applied, but no highly purified 
individual compounds were obtained (49). 
Ion-exchange chromatography Considering the 
anodal migration pattern of most mycobacterial protein 
antigens, ion exchange chromatography using diethylaminoethyl 
cellulose (DEAE) or DEAE-Sephadex resins were used by various 
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workers for fractionation of mycobacterial antigens (49). 
Although ion exchange chromatography does achieve a measure of 
separation of antigenic constituents of culture filtrates or 
cell extracts, it is not capable of yielding highly purified 
products when used singly (49). 
Molecular size-based separation methods 
Membrane filtration Dialysis of mycobacterial 
antigen preparations is only used to remove salts and other 
low molecular weight culture medium and bacillary constituents 
as a necessary step before antigen fractionation (50). 
Ultracentrifugation Density gradient 
ultracentrifugation has been used by some workers to separate 
mycobacterial components according to sedimentation 
properties. However, no significant individual antigens were 
recovered (49). 
Gel filtration Gel filtration or size exclusion 
chromatography has been used for fractionation purposes 
(49,84). This technique was reported not to cause loss or 
denaturation of individual constituents of mycobacterial 
preparations and is considered to be of moderate resolution, 
especially with the use of Sephadex G-200 gel. 
Combined physico-chemical separation methods 
Considering the difficult task of fractionating individual 
antigens from mycobacterial preparations using a particular 
technique, many workers attempted to purify antigens on the 
basis of molecular physico-chemical characteristics, using 
combinations of more than one approach outlined above. 
Working with unheated culture filtrate of Mycobacterium 
tuberculosis, some workers (49) succeeded in isolating two 
protein antigens termed a and R after an initial precipitation 
with ammonium sulfate and subsequent fractionation by zonal 
electrophoresis followed by DEAE-cellulose ion exchange 
chromatography. Further studies have shown the a antigen to be 
shared with many other mycobacterial species (49,140). 
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Recently, the gene encoding for extracellular a antigen was 
cloned from M. bovis BCG and expressed in E. coli expression 
vector. The amino-acid sequence of the a protein was 
subsequently determined and found to contain 323 amino-acids 
residues including 40 amino-acids for signal peptide (140). 
The B antigen of a molecular weight of 10,000 D to 15,000 D 
was found to be present only in M. bovis. M. tuberculosis and 
M. microti (49). Likewise, other workers (49) isolated a low 
M.W. protein (9,700 D) from heated cells of M. tuberculosis 
and M. bovis BCG after an initial precipitation and combined 
ion exchange chromatography and gel filtration. The subsequent 
fractionated product was precipitated in crystalline form with 
ammonium sulfate and acetone, resulting in a high degree of 
purity. This protein has a sedimentation constant of 1.7 S and 
is extremely potent as a tuberculin antigen in sensitized 
guinea-pigs and in infected humans (49). The complete amino-
acid sequence of this protein has been determined for the 
first time in the history of mycobacterial antigens. It 
contains 88 amino-acid residues; tuberculin activity was 
established to be confined to a peptide having the sequence 
ASN-GLY-SER-GLN-ARG (49). Data regarding the distribution of 
such protein in other mycobacterial species is lacking. As 
reported earlier, M. bovis and Jl. tuberculosis species-
specific antigen 5 described by Janicki was isolated by 
immunoabsorbent affinity chromatography and recognized as a 
pure product by acrylamide gel electrophoresis and 
immunodiffusion studies (49). Antigen 5 is a protein of 
apparent cytoplasmic origin having a M.W. of 28,000 
to 35,000 D. It does bind with low affinity to concanavalin A, 
indicating that it does have a minor carbohydrate moiety (49). 
Antigen 5 was as equipotent as a skin antigen as PPD in 
sensitized guinea-pigs; but was less potent in infected humans 
(49). In an another study carried out on unheated culture 
filtrate of M. bovis BCG, a major protein designated MPB70 
18 
was isolated and purified after an initial serial 
precipitation with ammonium sulfate and subsequent 
fractionation by means of ion exchange chromatography, gel 
filtration and acrylamide gel electrophoresis. MPB70 is a 
protein of 15,000 to 18,000 D devoid of amino-sugars. It is 
thought to be highly specific of M. bovis as evidenced by 
experiments performed on guinea-pigs sensitized with various 
mycobacterial species including M. tuberculosis. M. kansasii. 
M. intracellulare and M. phlei (49). However, the species-
specificity of MPB70 protein remains to be demonstrated by 
further studies. 
Working with atypical mycobacteria, Schaeffer, first 
described distinct lipid antigens on the surface of these 
organisms and established the background of their serotyping 
(28,185). Further studies on these type-specific antigens were 
carried out by a serial lipid fractionation using DEAE-
cellulose chromatography after treatment with various solvents 
(49). The chemical nature of these type-specific antigens has 
been shown to be polar C-mycosidic peptidoglycolipids as 
evidenced by infra-red spectroscopy (28) . The antigenic 
specificities seems to be linked to the carbohydrate moieties. 
These antigens are particularly valuable in serotyping of the 
members of the M.A.I.S complex (28,184,230). As a result of 
the foregoing information and with the emergence of 
tuberculosis and non-tuberculous mycobacterial infections as a 
common cause of opportunistic infections in AIDS patients 
(38,231), there is a need to carry out further studies on 
mycobacterial antigens. Genetic engineering as well as 
monoclonal antibody technologies seem to be the best suited 
candidates to solve the puzzle of species-specific antigens. 
Actually, there is a trend to use these technologies for the 
stated purpose as evidenced by studies conducted recently 
(35,36,37,92,108,115,117,135,181,189,190). 
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Properties of Mycobacteria 
Acid-fastness 
The retention of carbol fuchsin, auramine 0 and other 
arylmethane dyes after treatment with acidic alcohol is an 
outstanding feature of the genus Mycobacterium (15,79,147,220, 
223). This property is not limited to this genus; other 
related genera such as Nocardia may exhibit acid fastness as 
do spores of certain bacteria and fungi (15,79). The exact 
mechanism of acid-fastness chemistry is still obscure and 
controversial; but seems to be related to the high content of 
lipids in the mycobacterial cell wall. According to some 
investigators (15,77), mycobacterial acid-fastness may be 
explained on the basis of "lipid barrier principle" involving 
mycolic acid. An intact mycobacterial cell takes carbol 
fuchsin into its cytoplasm and also binds the dye to free 
mycolic acid and mycolic acid residues of the 
peptidoglycolipids of the outer cell wall; the binding being 
acid-stable. The dye-complexed mycolic acid give rise to an 
extremely hydrophobic cell surface and act as a barrier 
impeding the penetration inside the cell of the bleaching 
acidic-alcohol. 
Mycobacterial acid-fastness may be lost by physical and 
chemical as well as biological treatments. Lipid extraction 
(107), sonication (107), U.V. radiation (147) treatment with 
antibiotics such as streptomycin or with detergents and phage 
infection have been shown to destroy acid-fastness (107). 
Resistance of mycobacteria 
Resistance to physical agents Like other 
nonsporeforming bacteria, acid-fast bacilli are susceptible to 
heat. In milk, tubercle bacilli are destroyed in 20 minutes at 
60oc, provided it is in a closed container (223) . Under 
natural conditions, tubercle bacilli have been reported to 
survive outside an animal host for up to 2 years in the 
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northern european environment (223) . In a recent experimental 
study carried out in Australia (63), M. bovis was re-isolated 
from dry soil, moist and bovine feces kept under dark or shade 
conditions at temperature of 34oc for 4 weeks (63) . Other 
investigators reported that tubercle bacilli remained alive 
for up to 3 months in polluted water kept in the dark at room 
temperature (223). Freezing at -70oc or lyophilization of 
mycobacterial suspensions have been shown to preserve the 
viability of mycobacteria for several years (114,177,220,223). 
Numerous experiments have been performed to test the action of 
light on mycobacteria especially tubercle bacilli (63,223). 
Most investigators have found that they are rapidly destroyed 
by bright sunlight, or ultraviolet rays (223). However, Blood, 
serum and other proteins protect the bacilli against U.V. 
light (63,223). 
Resistance to disinfectant agents Unlike other 
nonsporeforming bacteria, mycobacteria display a high degree 
of resistance to chemical disinfectants (223). This capacity 
is utilized for decontamination of clinical specimens cultured 
for isolation of mycobacteria. Several studies have been 
conducted to assess the resistance of mycobacteria to various 
chemical disinfectants (44,182,223). Among these substances, 
70% ethanol, acetone and tincture of iodine were found to be 
very effective in killing mycobacteria after five minutes 
exposure. Five-percent phenol, 8% formaldehyde, IVoo sodium 
hypochlorite, cresylic compounds and 5% formalin are also 
effective as mycobactericidal substances when applied for a 30 
minutes period (182,223). Other chemicals such as 4% NaOH, 
0.75% 1-hexadecylpyridinium chloride, and 0.3% benzalkonium 
chloride have been shown useful to control bacterial or fungal 
contaminants with little effect on mycobacteria when applied 
for appropriate time (44,213,214,223). 
Drug susceptibility of mycobacteria Mycobacteria are 
relatively resistant to most of the broad spectrum 
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antibiotics (220). Drugs used in the treatment of human 
tuberculosis caused either by M. tuberculosis or M. bovis 
include: Isonicotinic acid Hydrazide (INH), streptomycin, 
rifampicin, p-amino salicylic acid (PAS), and ethambutol 
(87,169). However, most of these substances are not effective 
against other mycobacteria (213,220,223). Chemicals such as 
thiophen-2-carboxylic acid hydrazide, neotetrazolium chloride, 
p-nitro-a-acethylamine -6-hydroxproprio-phenone (NAP), and p-
nitrobenzoic acid (PNB) are also used with susceptibility to 
INH, PAS and streptomycin for mycobacterial differentiation 
(174,213,214). The pattern of mycobacterial sensitivity to 
some of the above mentioned drugs is presented along with 
other features in Table 3. 
Adjuvant properties of mvcobacteria 
At the beginning of this century, it was noted that 
tuberculous persons are refractory to other infections (15). 
Subsequent experiments carried out by Freund have shown that 
the immune response to antigens is greatly enhanced when an 
antigen is co-introduced with a suspension of killed tubercle 
bacilli in mineral oil (15,79). This product is known as 
Freund's complete adjuvant (FCA) (15,19). Further studies have 
shown that the mycobacterial cell wall component. Wax D could 
be substituted for dead bacilli. Later, other mycobacterial 
components such as muramyl dipeptide and cord factor also were 
found to act as adjuvant (19,79). 
In addition to enhancing humoral immune response, 
mycobacterial adjuvant as well as FCA appear to mediate a non­
specific mitogenic effect on T and B lymphocytes (19,79). 
Freund's complete adjuvant exerts an effect on macrophages 
causing them to proliferate and to release mediators which 
modify T cell functions, thus modifying the cell-mediated 
immune response (19,79). Other adjuvant effect of mycobacteria 
include antitumoral activity and granuloma formation (19). 
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Biochemical reactions 
Although mycobacteria share metabolic pathways common to 
members of many other bacterial genera, the slow growth and 
reactivity make it necessary to utilize special techniques for 
characterization that were developed specifically for use with 
members of this genus (220). Different sets of tests are 
necessary for characterizing species of slow growers and rapid 
growers. Therefore, determination of growth rate as well as 
chromogenicity of a given mycobacterial isolate is essential 
before selecting the appropriate battery of test to be used 
(213,214,220). Differential features for the identification of 
mycobacteria frequently encountered in clinical specimens are 
presented in Table 3. 
Table 3: Differential features of Mycobacteria 
(213,214,219) 
Species Runyon's Growth Colonial Drug susceptibility Niacin Nitrate 
group rate morphology testing (Inhibition) produced reduced 
(days) (In P&B®) 
INH^ TCH° 
H. tuberculesis 12-30 
H.bovis M.tuberculosis 25-90 
H.africanum complex 14-90 
H.marinura I 7-11 
H.ltanaasii Photochromogenic 10-21 
H.scrofulaceun 10-30 
H.qordonae II 10-25 
H.flavescens Scotochromogenic 10-14 
H.szulqal 10-25 
M.avium 10-21 
H.intracellulare III 10-21 
H.qastri 10-21 
H.terrae/ Nonchromogenic 10-21 
H.triviale 
H.xenopi 10-35 
H.fortuitum IV 3-5 
H.chelonei 3-5 
H.phlei Rapid growers 3-5 
H.smeqmatis 3-5 
R' + - + + 
R + + . . 
R + + ± ± 
R • ± -
R/S + - + 
R_ - - - ± gfl - . . 
S - - - + 
S - - - + 
R/S - ... 
R/S - 
R/S + ... 
R/S • + 
S  +  . . .  
R + 
R/S - - ± -
R/S - - + 
R/S - - + 
^ Proskauer and Beck liquid medium 
^ Isonicotinic acid hydrazide 
° Thiophen-2-carboxylic acid hydrazide 
^ Days 
® Weeks 
^ Rough 
S Smooth 
± Variable 
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Catalase 
22'C 68'C 
Urease Hydrolysis Aryl- Tellurite 5 X NaCl Growth on 
of Tween 80 sulfatase reduction tolerance He Conkey 
(3 days) Agar 
5d^ 10d 3d 2w" 
+• 
+ 
•f 
+ 
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BOVINE TUBERCULOSIS: A LITERATURE REVIEW 
Definition 
Bovine tuberculosis is a contagious chronic disease 
caused by Mycobacterium bovls. It is a debilitating insidious 
disease of worldwide distribution and one of the most 
important Illnesses of cattle. Bovine tuberculosis is a 
serious menace for animal Industry and also a zoonosis 
(110,224). It is usually characterized by a chronic course and 
pleomorphic symptoms associated with the formation of typical 
nodular granulomatous lesions known as tubercles in affected 
organs (65,110). 
History 
Human tuberculosis, a widespread disease of antiquity was 
reported in many ancient civilizations. Hippocrates (470 to 
376 B-C) described with great accuracy a wasting condition 
which he termed "phthisis" in patients suffering from 
pulmonary tuberculosis (79,110). Similarly, spinal lesions of 
tuberculosis were found in egyptian mummies. Through the 
centuries, tuberculosis was known as "consumption", "Scrofula" 
or "King's Evil", "Great white plague" and "Captain of all the 
men of death" (79,110). The term tuberculosis was introduced 
in 1839 (110). It is derived from the latin word tuberculum. 
which means a small lump or nodule (22 0). 
Although tuberculosis was recognized to occur in cattle 
for many centuries, the relationship to "consumption" or 
"phthisis" in man was a subject of considerable controversy 
(34). During the eighteenth century, the Germans considered 
that bovine tuberculosis was related to human syphilis (34). 
In 1810, Carmlchael linked "scrofula" to cow milk consumption 
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(34) and in 1831, Gurlt highlighted the similarities between 
human and bovine tuberculosis (18). A few years later, Klencke 
in 1846 incriminated cow milk as the source of tuberculous 
lymphadenitis in infants (34). 
The infectious nature of tuberculosis was established in 
experiments conducted by the french surgeon Villemin between 
1865 and 1868 (79). In these studies, Villemin was able to 
reproduce experimental tuberculosis in rabbits from 
tuberculous material obtained from diseased men or cattle 
(18,34,79). At the same period, Chaveau,succeeded in 
reproducing bovine tuberculosis in heifers fed tuberculous 
material obtained from tuberculous cows (18). 
The breakthrough in the history of tuberculosis occurred 
in 1882 when Robert Koch publicly announced to The 
Physiological Society of Berlin that he had observed and 
cultured the causative agent of tuberculosis (34,79), which he 
called bacilli of tuberculosis. Koch also described a staining 
technique for this bacillus which was subsequently modified by 
Ehrlich (79). Although bearing the names of Ziehl and Neelsen, 
the modern staining technique is essentially Ehrlich's 
original method (79). In 1883, Zopt proposed the epithet 
"bacterium tuberculosis" for this germ and in 1896 Lehmann and 
Neumann assigned the bacterium to the genus Mycobacterium 
(79) . 
During the year following the work of von Behring and 
Kitasato on the toxins of Cl. tetani and diphteriae. Koch 
in 1890, experimented and failed to use heated culture 
filtrate of tubercle bacilli (tuberculin) in the therapy of 
tuberculosis (79,159). However, Koch's experiments in guinea-
pigs led to discovery of the tuberculin test which is still 
used with slight modifications today and also opened new and 
fascinating fields of immunology (Koch's phenomenon). At 
first, Koch was firmly convinced that there was only one type 
of tubercle bacilli but other workers like Smith and Rivolta 
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(1898) soon found differences between bacilli of human, cattle 
and bird origin and also isolated related organisms from the 
environment (34,79,199). A year later (1891), other scientists 
first used the tuberculin test in diagnosis of tuberculosis of 
cattle (18,159). Likewise, Bang (1892) designed, the first 
eradication program for bovine tuberculosis in Denmark based 
on tuberculin testing and removal of reactors (159). Bang's 
method was subsequently widely adopted in bovine tuberculosis 
eradication programs and allowed several countries like the 
United States of America, Germany, the United Kingdom and 
others to reduce if not to eradicate the disease from cattle 
(159). During the first two decades of this century, Albert 
Calmette and Camille Guêrin, succeeded in producing at Lille 
in France a vaccine strain named after them "bacille Calmette-
Guérin or BCG" from a bovine type of M. tuberculosis 
subcultured on medium supplemented with ox bile every three 
weeks for a 12 year period from 1906 to 1918 (79,132). The 
vaccine has been widely used in preventing human tuberculosis 
(79) . 
Distribution 
Bovine tuberculosis is distributed world-wide (110). The 
disease has been reported in cattle from all continents and 
few countries claim to be free of the disease (110,199). 
Bovine tuberculosis used to be one of the most serious 
diseases of cattle in North America and Europe. Prior to the 
implementation of bovine tuberculosis eradication programs in 
U.S and Canada during the early twenties the incidence rate of 
the disease averaged 4 and 3.7% respectively (142,221). Soon 
after World War II, the incidence rate declined dramatically 
to 0.23% in the U.S (142). In the same period, it was 
estimated that 17-18% of all cattle in Great Britain reacted 
to the tuberculin test (224). In 1964, the French animal 
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health authorities estimated that 11% of cattle herds were 
infected, with an overall incidence rate of 1.5% (156). 
Tuberculosis in cattle has been brought under control in the 
majority of Western Europe countries, North America and Japan. 
The disease occurrence in these countries is sporadic 
(110,149). However, in some developing countries of South 
America, Africa and Asia, tuberculosis in Cattle is still 
widespread and its occurrence is either moderate or high 
(110). Few references are available regarding the prevalence 
of the disease in these countries. For example, the incidence 
of tuberculosis in cattle in Teheran area, Iran ranged from 3 0 
to 16.6% over the period between 1958 and 1972 (104). In 
Burkinafaso (Formerly Haute-volta), the incidence of 
tuberculosis among slaughtered cattle averaged 10% in 1961 
(3), whereas in Madagascar, the incidence was estimated in 
1971 at 20% in cattle and Zebus (23). At the same period, a 
national survey on bovine tuberculosis carried out in Tunisia 
in 1971 reported an average incidence of 8,7% (20). In 
Morocco, a year after the establishment of the french 
protectorate in 1912, tuberculosis of cattle was exceptional 
in occurrence and the incidence was estimated to 0.01% (88). 
Soon after the importation by french settlers of european 
cattle breeds in the thirties and the introduction of new 
management systems, tuberculosis in cattle became widespread 
and the incidence was calculated from the results of 
tuberculin testing campaigns averaged 3,5% in 1950, whereas 
only a mean value of 0.28% was recorded in major 
slaughterhouses of the country at the same period (88). 
According to data available on bovine tuberculosis in Morocco 
during the last twenty years, the incidence of the disease 
remained more or less stable with an overall mean value of 
1.7% (Table 4). This value is probably underestimated since it 
takes into account only a small proportion of cattle 
population currently estimated at 4 million heads. In 
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Table 4 : Number of tuberculin test reactors in cattle in 
Morocco from 1967-1988 (official records) (58) 
Year Number 
animals 
of Number of 
tested reactors 
TB Percentage of 
reactors (%) 
1967 19,302 319 1.65 
1968 20,268 315 1.55 
1969 27,582 623 2.25 
1970 25,155 393 1.56 
1971 32,423 797 2.45 
1972 48,066 1012 2.10 
1973 51,796 611 1.17 
1974 65,281 387 0.59 
1976 99,840 1012 1.01 
1977 99,017 1551 1.57 
1978 98,520 2975 3.02 
1979 103,842 3418 3.29 
1980 99,601 1433 1.44 
1981 105,883 2142 2.02 
1982 107,297 1495 1.39 
1983 116,598 3095 2.65 
1984 108,299 1533 1.42 
1985 108,753 1848 1.70 
1986 130,760 1719 1.31 
1987 109,799 1340 1.22 
1988 150,065 2669 1.78 
addition, reactors to the tuberculin test are neither 
systematically reported nor slaughtered despite regulation of 
mandatory notification and removal. According to official 
data presented, the percentage of tuberculin reactors removed 
and slaughtered varied from 9.7 to 50.0% (mean value = 22.78%) 
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over a 13 year period (Table 5). Thus, most of tuberculous 
animals remain in the herds and contribute to further spread 
of infection. 
Economic Importance 
In Pennsylvania, it was claimed in 1901 that tuberculosis 
in farm animals caused more losses than all other infectious 
diseases. It was also stated that there was probably no animal 
disease that is responsible for greater financial losses to 
stock owners than tuberculosis (143). These statements are 
still true today in many developing countries suffering from 
tuberculosis in their cattle. Indeed, this disease is 
responsible for great financial injury to cattle owners and 
their nations in several ways; 
1. By forced slaughter of animals, when tuberculosis reaches 
its full clinical development. The annual mortality rate is 
estimated to range from 10 to 20% in an infected herd (143). 
2. Reduction in market value of affected animals (143). 
3. Reduction in breeding value of a herd and general 
productivity (143). It has been shown that losses in milk as 
well as in meat production can reach 25% (25,143). 
4. Reduced feed efficiency for meat and milk production in 
tuberculous animals (143). 
5. Source of infection for other animals of the same or 
different species (143). 
6. Injured the reputation of the herd, thereby affecting trade 
of animals and their products (143). 
7. Destroying the breeder or the owner interest in the 
maintenance of his herd (143). 
8- Wastage of meat through condemnation of tuberculous 
carcasses (143). 
9- Increased veterinary expenses related to diagnosis, of the 
disease, segregation and disposal of affected animals. 
Le 5: 
Year 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
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Comparison of the number of tuberculin reactors 
identified and slaughtered from 1976 to 1988 (59) 
Number of Number of Percent(%) 
TB reactors reactors 
slaughtered 
1012 345 34.09 
1551 244 15.73 
2975 289 09.71 
3418 650 19. 02 
1433 174 12.14 
2142 448 20.92 
1495 756 50.57 
3095 600 19.39 
1533 327 21.33 
1848 488 26.41 
1719 656 38.16 
1340 358 26.72 
2669 641 24.02 
26230 5976 22.78 
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quarantine, premise's disinfection and owner compensations 
(156) . 
Few studies on the economic importance of tuberculosis of 
cattle are available. In 1921, the annual animal losses 
directly caused by this disease was estimated at $25,000,000 
in the U.S.A. Five years later loss was increased to 
$30,000,000 (143). With the excellent progress being made 
against tuberculosis by the U.S eradication program since 
1917, the annual savings on the condemnations equaled more 
than $150,000,000 (143). By 1966, taking into account the 
higher value of cattle, the total expenditure for the 
eradication program since 1917 was evaluated at $435,416,636. 
Thus in three years, the program saved more than what was 
spent for it in 49 years (143). In Canada, the expenditure for 
owner compensations was reported as C.$15,000,000 between 1922 
to 1961 (221). However, the Canadian eradication program has 
saved the Canadian cattle industry C.$10,000,000 per year 
(221). In Europe, the cost of reactor elimination from the 
1946 to 1971 period was £ 130,000,000 (224) in Great Britain 
and in France, losses due to tuberculosis were estimated at 
F.F 200,000,000 in 1955 (216) and F.F 900,000,000 in 1960 
(124) . 
In Morocco, little information is available regarding 
losses due to tuberculosis. According to a recent study (59), 
the annual losses due to bovine tuberculosis in Morocco 
(direct and indirect losses) were estimated to $44,260,411. 
Tuberculosis constitutes the primary cause for condemnation 
among cattle carcasses (4,27,59). 
Public Health Significance 
Human tuberculosis is one of the most dreaded disease in 
the history of mankind. During this century, the incidence of 
this disease has declined dramatically in developed countries; 
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but remains a major health problem in many other parts of the 
world (79,105). The exact incidence of tuberculosis in the 
world is unknown; but it has been estimated that about 10 
million persons develop the disease annually with an average 
annual mortality of 3 million (105). Mycobacterium 
tuberculosis is the main causative agent of human tuberculosis 
but M» bovis infection has been recognized as a serious public 
health problem in many areas of the world (105,199). The 
importance of this zoonosis has been reviewed recently in 
various countries (105) . In Morocco little information is 
available regarding the importance of M. bovis infection among 
tuberculous patients. However, during the 1968-1972 period, 
30% of mycobacterial isolation from children suffering from 
extrapulmonary tuberculosis were typed as M. bovis at Rabat 
Sanatarium (4). Disease caused by M. bovis cannot be 
distinguished clinically from that due to M. tuberculosis (1). 
It is more prevalent in children than adults and in farm 
workers than urban inhabitants (199). Mvcobacterium bovis 
infection is regarded as an occupational hazard for animal 
handlers, veterinarians, animal technicians, milkmaids and 
stock owners (67,100,110,199). Thus, the risk of infection in 
man is related to the prevalence of bovine tuberculosis 
(105,110). Although M. bovis was isolated from muscles and 
blood of some tuberculous carcasses (22), raw or inadequately 
pasteurized milk and their derivative are considered to be the 
main source of infection to human (1,105,110,216). For this 
reason, tuberculous lesions due to M. bovis are often observed 
in extrapulmonary tissues of affected persons (105,110,199). 
Etiology 
Mvcobacterium bovis is the agent responsible for bovine 
tuberculosis (110,199,220). Although differentiated from 
M. tuberculosis the main causative organism of human 
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tuberculosis in 1898 by Theobald Smith (199), M. bovis was not 
reported as a separate species in Sergey's Manual of 
Systematic Bacteriology until 1970 by Karlson and Lessel 
(220). 
True and Alternate Hosts 
Cattle are considered to be the reservoir and the true 
host of M. bovis (69,110). However, M. bovis infection has 
been reported in several other domestic, and wild animal 
species (110,199). Among domestic animal species, tuberculosis 
due to M. bovis has been diagnosed in swine (62,90,110,199, 
208), goats (90,199), dogs (57,74,90,110,155,199), cats 
(57,90,110,155,199), horses (90,93,110,199), camels (90,199) 
and rarely in sheep (53,90,118). Mycobacterium bovis infection 
was also reported in many free living and captive wild species 
(110,199). The disease is widespread in captive zoo animal 
such as monkeys, apes, baboons, deer, antelopes, lamas, kudus, 
sitatungas, eland, tapir and elk (89,110). Additional captive 
species include elephant, silver foxes, snow leopard, lynx, 
panther, tiger, kangaroos (90,110,199). As to free living wild 
animal, bovine tuberculosis has been reported in Buffaloes, 
deer, oryxes, bison antelopes, ferrets. Monkeys and wild 
rodents such as rats and hares in many area of the world 
(90,110,144,171,199). Recently an outbreak of tuberculosis was 
diagnosed in badgers in Great Britain (145). Therefore, it is 
necessary to consider the role of some domestic and wild 
animals as potential reservoirs of M. bovis. when 
investigations are carried out in M. bovis-infected cattle 
herds (110). 
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Symptomatology 
Bovine tuberculosis is variable in its manifestations, 
affecting all ages, sparing no organ of the body ranging in 
severity from usual latent to uncommon hyperacute, killing 
young and adult. The incubation period in tuberculosis varies 
to some extent with the dose and the access mode of organisms 
to the body and with the immune state of the animal (224); the 
minimum being approximately 2 months (27). 
Clinical signs of tuberculosis in cattle usually vary 
with the distribution and the extent of lesions in the body 
(110,199,224). Because tuberculosis usually assumes a chronic 
course, evidence of disease is always lacking until the 
terminal stages when many organs are involved (110,199). The 
principal sign of tuberculosis is a chronic wasting or 
emaciation that develops despite good nutrition (144). Most 
tuberculosis in cattle affects the lungs and adjacent parts of 
the respiratory tract as the result of inhalation of tubercle 
bacilli (34,224). Lung involvement results in low-grade 
pneumonia or bronchopneumonia which may be manifested by 
cough, dyspnea, fluctuating fever associated with anorexia and 
inappetence (34,110). In advanced cases, lymph nodes are often 
hypertrophied and may obstruct air passages, alimentary tract 
and blood vessels resulting in functional disorders (110). The 
suprapharyngeal and other head and neck lymph nodes may become 
greatly enlarged thus visibly affected and sometimes rupture 
and drain (2,27,110). Intermittent diarrhea and constipation 
are sometimes observed when the alimentary tract is involved 
(27,110). Death occurs after extreme weakness, emaciation and 
acute respiratory distress (110). Tuberculous lesions may 
involve other organs such as the liver, kidney, spleen, 
peritoneum, pericardium and male genitalia (26,101,110,199). 
Tuberculous metritis and mastitis have also been reported 
(110,176). In the later case an affected udder may be firm 
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when palpated (176). 
Pathology 
Macroscopic Examination 
During necropsy, tuberculous lesions are most frequently 
observed in bronchial, mediastinal and portal lymph nodes 
(65,110); other affected tissues include lungs, liver, spleen, 
kidney and surfaces of body cavities. These lesions generally 
assume a yellowish appearance and are caseous, caseocalcareous 
or calcified in consistency (4,110). Caseous lesions are 
usually firm and covered by a fibrous connective capsule. 
Tuberculous lesions may appear as several different sizes from 
a small easily missed lesion impossible to detect by the 
unaided eye to large size lesion involving a major part of an 
affected organ (110). 
Histopatholoav of tuberculous lesions 
Tuberculous lesions are considered to be the prototype of 
granulomatous inflammation (65). The tuberculous granuloma, 
called also tubercle is cellular in character (65). It is 
believed that granuloma formation is an attempt by the host to 
localize the disease process and to allow inflammatory and 
immune mechanisms to act for longer periods to destroy 
tubercle bacilli (110). 
The initial lesions evolve as what is termed the primary 
complex of Ranke, which is the combination of lesions in the 
initial parenchymatous focus and in the regional lymph node 
(65). Pulmonary tuberculosis starts at the bronchial-alveolar 
junction and extends into the alveoli (65). The invading 
organisms are then engulfed by alveolar macrophages which may 
kill tubercle bacilli or sustain mycobacterial multiplication 
within their cytoplasm (65). Delayed type hypersensitivity 
develops within 10 to 14 days post-exposure and it is mediated 
by sensitized T-lymphocytes which release lymphokines (201). 
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These soluble factors cause the attraction, proliferation, 
immobilization and activation of additional blood borne 
mononuclear cells at the site of infection (65,201). In such 
infected foci, some macrophages assume a distinctive 
morphology causing them to be designated as epithelioid cells 
which are characterized by large vesicular nuclei and 
extensive pale cytoplasm, containing sometimes myriads of 
ingested bacilli (65,110). Multinucleated giants cells of the 
Langhans type resulting from the fusion of several monocytes 
or macrophages may also be seen at the site of inflammation 
(65,110). Epithelioid and giant cells form the center of young 
tubercles (65). At their periphery a narrow zone of 
lymphocytes, plasma cells, neutrophils and monocytes are found 
(65,110). As the lesion progresses, the typical tubercle 
develops with peripheral fibroplasia and central necrosis 
which gives the lesion a high degree of histopathologic 
specificity (65). The caseous necrosis is the result of cell 
mediated hypersensitivity chiefly through the release of 
cytotoxic lymphokines and hydrolytic enzymes from macrophages 
and T-lymphocytes causing cell death and tissue destruction 
(34,65,122) . 
The earliest lesions are small and not encapsulated. They 
are surrounded by condensed alveolar tissue (65). Caseation 
and calcification may be observed in these lesions which may 
coalesce to form a large region of caseating bronchopneumonia 
(65). Dissemination of the infection within the lung occurs 
chiefly via the airways, although spread may also occur by way 
of intrapulmonary tuberculous lymphangitis, direct adjacency 
or by aspiration of exudates (65). The initial small lesion 
will come to involve much of a bronchopulmonary region or even 
an entire lobe (65). In addition to the progressive 
tuberculous bronchopneumonia described above, the tubercle 
bacilli commonly spread in active tuberculosis to adjacent 
tissues such as trachea and pleura (65). In the former. 
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lesions are found generally near the bifurcation of the 
trachea and are ulcerative in character (65). They are usually 
the result of bacterial implantation from coughed-up sputum. 
In the latter, tubercle bacilli are widely distributed by 
respiratory movement after an initial lymphogenous or 
hematogenous bacterial dissemination (65). The lesions in such 
cases vary from nodular to diffusely caseous (65). They may 
become calcified giving rise to what is termed "pearly 
disease" (65). Associated with a failure of the immune system, 
an early or late generalization of the infection may occur 
when tubercle bacilli gain the blood stream via the lymphatic 
system or through an erosion of a blood vessel caused by a 
caseating process (65). Depending on the number of bacilli 
reaching the blood stream, a miliary or a more protracted form 
of the disease may result (65). In both cases, metastases are 
seen in several organs and their regional lymph nodes (65). 
Miliary lesions are generally associated with a fulminating 
course of the disease. They are typical small grayish 
tubercles that assume a caseous and centrally calcified 
character (65) . Extrapulmonary tuberculosis may be primarily 
acquired or occurs as a result of dissemination via the blood 
stream or the digestive tract (swallowed sputum) (65). 
Virulence Factors and Pathogenesis 
Development of mycobacterial diseases including 
tuberculosis in animals depends on the capacity of 
mycobacteria to multiply within tissues, and to resist or 
interfere with host defense mechanisms (122,201). The 
virulence of tubercle bacilli is assumed to be mediated by 
multiple specific factors produced by the organism as it 
multiplies within the tissues, but little is known about the 
virulence mechanisms allowing the pathogen to evade the 
normally efficient immune system (39). Tubercle bacilli are 
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facultative intracellular pathogens with the ability to grow 
inside macrophages (39,46,172). They are not known to 
elaborate exotoxin (122) and it is assumed that the 
mycobacterial cell wall may play a crucial role by promoting 
adhesion to the macrophage and acquisition of essential 
nutrients inside host cells, by inhibiting host microbicidal 
mechanisms resulting in eventual cell death (173). 
Mycobacterial cell wall components may also contribute to the 
outcome of the infection through processing in the host cells 
and their presentation to the immune system (173). 
Among the extensively studied components of the outer 
cell wall of pathogenic mycobacteria, "cord factor" chemically 
characterized as trehalose-6,6' dimycolate has been reported 
to be lethal for mice (15,125). Furthermore, this glycolipidic 
substance has been shown to inhibit chemotaxis and is 
reportedly leukotoxic (130,198,201). In mice, cord factor has 
been found to attack mitochondria of liver cells with 
resultant swelling, breakage of mitochondrial membrane, thus 
impeding the electron flow in the succinate oxidation pathway 
leading ultimately to the uncoupling of oxidative 
phosphorylation (77,198,202). Other studies revealed that cord 
factor induces disintegration of the rough endoplasmic 
reticulum (201). Injection of aqueous emulsions of cord factor 
induced the formation of lung granuloma in mice but not in 
rats (18,198). In addition to "cord factor", sulfolipids or 
sulfatides have been isolated from virulent tubercle bacilli 
(15,18,157,198,201,202). Sulfatides have been found to block 
the priming or activation of macrophages and to inhibit 
phagolysosome formation, thus promoting the survival of the 
pathogens (157,198,201,202). Recent studies suggest that 
sulfatides are responsible for disruption of phagolysosomes 
(122). Consequently, the tubercle bacilli avoid the exposure 
to lysosomal hydrolytic enzymes and to oxygen metabolites such 
as superoxide anion (0% ) , Hydrogen peroxide (HjOj) and hydroxyl 
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radical (OH) (157,198,201,202). Moreover, the administration 
of sl-1 sulfatide of M. tuberculosis in combination with cord 
factor, in mice produced enhanced damage of mitochondria over 
that of cord factor alone (15,18). Thus, mycobacterial 
sulfatides appear capable of augmenting the toxicity of cord 
factor (15,18,198,202). 
Currently, there is a growing evidence for the 
participation of an electron transparent zone (ETZ) in the 
pathogenicity of most pathogenic mycobacteria (17,61,72,172, 
173) . The ETZ called also "capsule like!* structure (CAP) is 
thought to protect the peptidoglycan of the mycobacterial cell 
wall from the detrimental specific action of lysozyme 
contained in lysosomes (72,172). The chemical structure of CAP 
has not been definitely established and seems to vary among 
mycobacterial species (172,173). CAP is thought to contain 
protein and sugar epitopes as well as lipids. It is suggested 
that the protein may play the role of an adhesin (173). 
Lymphocytes and macrophages are the key elements in protecting 
infected host against mycobacteria through the cell mediated 
immune response (122,157). Once phagocytized by a macrophage, 
nonpathogenic bacteria are localized inside a phagosome. This 
is normally followed by intracellular killing of the organisms 
by host microbicidal activities following fusion of phagosome 
and lysosome (172). This intracellular killing rarely takes 
place in the case of tubercle bacilli (39), which are able to 
escape many of the host microbicidal activities by inhibiting 
phagocyte priming (122,157), impeding phagosome-lysosome 
fusion (7,133, 172), through production of increasing amounts 
of cyclic AMP (134), or disrupting the phagolysosome membrane 
when fusion occurs (122). Additional escaping mechanisms 
include perturbation in endo-and exocytosis in macrophage 
infected with some pathogenic mycobacteria, perturbation in 
normal antigen processing, leading to a delay of acquisition 
of protective immunity (172) and resistance to oxidative 
41 
killing systems (157,172). Thus, pathogenic mycobacteria are 
able to overcome the host bactericidal mechanisms and to 
multiply within macrophages (39,46,172), eventually killing 
the phagocyte and spreading to other cells (39). During 
tuberculosis, much of the tissue damage is thought to be the 
result of immune system dysfunction (e.g., T-cell mediated 
hypersensitivity) (122). Macrophages are also assumed to be 
essential mediators of this damage, since they were shown to 
produce necrosis factor and to release hydrolase such as 
proteinase, nuclease and lipase which may account for tissue 
necrosis (52,122). 
immune Response of Host 
Disease-causing mycobacteria are facultative 
intracellular pathogens. They multiply in cells of the 
monocyte- phagocyte system (46). Infected individuals develop 
specific cell mediated immunities (CMI) which account for 
delayed type hypersensitivity (DTH) and acquired cellular 
resistance or cellular immunity (46,51). In tuberculosis, 
D.T.H is defined as an immunological state in which 
lymphocytes and monocytes are directly or indirectly sensitive 
to tuberculin or related antigens. Delayed type 
hypersensitivity is manifested by the infiltration of cells 
beginning with a perivascular accumulation of lymphocytes and 
monocytes at the site where antigen is located (51,119). 
Acquired cellular resistance to tuberculosis is defined as an 
immunological state in which macrophages have been activated, 
proliferate and possess an increased ability to destroy 
tubercle bacilli (39,51). Differences between DTH and acquired 
cellular resistance to tuberculosis have been the subject of 
considerable controversy (39,229). Both are due to the same 
basic immunologic mechanism, namely, antigen-stimulated 
specific T-lymphocytes producing lymphokines which chemo-
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attract macrophages and lymphocytes to the site of antigen 
deposition and activate both of these cell types (52). The 
importance of T cells is best illustrated in patients with 
AIDS who as a consequence of deficient T-cell system 
frequently suffer from mycobacterial infections (103). 
Macrophages phagocyting mycobacteria are involved in 
processing mycobacterial antigens and in their presentation to 
immunocompetent B and T cells (172,201,202). Consequently, the 
specific recognition of the processed antigens in association 
with class I and II, major histocompatibility complex antigens 
of T lymphocytes leads to the initiation of a helper or a 
cytotoxic/suppressor T lymphocyte response which is 
characterized by the release of specific lymphokines 
(172,202). These substances may activate the macrophages 
enhancing their microbicidal activities thus controlling the 
existing foci of infection (172). Several lymphokines have 
been studied on in vitro systems to assess their role in cell 
mediated immunity to tuberculosis (103,172,202). Conflicting 
results have been obtained. However, M. bovis infected bone 
marrow derived macrophages were found to have increasing 
ability (50%) to inhibit growth of the bacillus after being 
stimulated by gamma interferon (IFN S), interleukin 4 and 6 
(IL4 and IL6) administered separately (102,103). Activated 
macrophages have been shown to undergo marked morphological 
changes including an increase of the number of mitochondria, 
golgi apparatus, lysosomes and protein contents suggesting 
enhanced antimicrobial capacities (51,130,201). 
Delayed type hypersensitivity as well as acquired 
cellular resistance to mycobacteria usually develop within 2-
weeks post- exposure (51,202). Sensitized lymphocytes have 
been detected in cattle and swine on in vitro blastogenic 
assays 2 weeks following post-exposure to M. bovis or M. avium 
(201,202). Delayed type hypersensitivity to tuberculin may 
last for many years and possibly for a lifetime in infected 
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individuals (51,120,126). This is probably due to memory T-
lymphocytes maintaining the souvenir of the first contact with 
mycobacteria and to the persistence of tubercle bacilli or 
their antigens in lesions (even healed) or perhaps elsewhere 
(51,120,126), thus bolstering and maintaining hypersensitivity 
(51). Currently it is assumed that DTH causes injury to 
tissues and therefore it is considered to be the detrimental 
facet of CMI, whereas acquired cellular resistance produces 
many locally activated macrophages capable of destroying 
tubercle bacilli in tuberculous lesions and is considered to 
be beneficial to the host (52). 
Humoral responses against mycobacteria do not play a 
significant role in protecting the host against mycobacterial 
infection (15,201,202). However, cytophilic antibodies are 
incriminated in altering the surface properties of phagocytes, 
thus enhancing chemotaxis and attachment of organisms to the 
macrophage surface (15,201,202). Circulating M. bovis 
antibodies were detected in sera of cattle exposed to virulent 
M. bovis infection (84,201,202). 
Epidemiology 
Sources of infection 
Tuberculous cattle are considered to be the main source 
of infection to healthy animals (69,110,156). Therefore, 
infected animals that are not immediately removed from the 
herd constitute a potential source of reinfection (110). The 
occurrence of anergic responses to tuberculin among infected 
animals has been widely reported and certainly contributes to 
the perpetuation of tuberculous infections (156). Other 
sources of infection include wild or domestic animals living 
in close contact or feeding in the same areas as cattle 
(1,100,110). Mycobacterium bovis- infected persons may also 
play a significant role in reintroduction of infection to 
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cattle herds as evidenced in many instances (13,100,110). 
Factors of susceptibilitv 
Intrinsic factors 
Animal species Susceptibility to the human, 
bovine and avian bacilli has been reported to vary among 
animal species. Under natural or experimental conditions, 
chickens are very susceptible to infection with M. avium but 
are resistant to infection with human and bovine tubercle 
bacilli. This refractoriness is thought to be due to the 
elevated body temperature of chicken (42oc), inhibiting growth 
of the later bacilli (198). Rabbits, and cattle are relatively 
resistant to M. tuberculosis infection (198,200). Likewise, 
horses and sheep are quite resistant to M. bovls infection 
(224) . 
Breed Although differences in tuberculosis 
occurrence has been noted among cattle breeds (224), race 
does not seem to play a significant role in susceptibility to 
M. bovis infection (224). The observed differences may be 
explained on the basis of herd management factors. 
Sex Females seems to be more susceptible to 
M. bovis infection than males (4). Pregnancy and lactation as 
well as crowding of females are known to promote spread of the 
disease (156,198). 
Age Young animals have been reported to show 
greater susceptibility to tuberculous infection than adults 
(198,224). However, the majority obtain their infections when 
they are older than 6 months (65). Increased incidence has 
been also reported among the elderly cattle (198,224). 
Extrinsic factors Poor hygienic conditions, diet 
imbalance, stress, immunodeficiencies, poor ventilation, 
crowding and concomitant diseases have been reported to 
promote spread of M. bovis infection among cattle (2,27,69, 
110,156). 
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Transmission 
Although congenital transmission of bovine tuberculosis 
has been reported (65,199), the infection is mainly 
transmitted horizontally. 
Direct transmission Sexually transmitted tuberculosis 
has been reported following service by an infected bull or 
even by artificial insemination with infective semen but it is 
not considered common (65,110). Milk-born tuberculosis may be 
acquired by suckling calves fed with milk originating from a 
tuberculous dam (1,110). 
Indirect transmission Indirect transmission is the 
general mode of spread of M. bovis infection. Infection is 
usually acquired either after inhalation of contaminated dust, 
aerosol droplets or dried secretions excreted by animals with 
active respiratory lesions or after ingestion of contaminated 
food or water (65,110). Excreted virulent M. bovis in nasal or 
uterine discharges, coughed up exudates, feces and urine may 
contaminate manger and watering equipment as well as the 
environment (55,69,110). 
Routes of infection 
The usual routes of infection in cattle are respiratory 
or aerogenous and alimentary or digestive. The unusual ones 
include the congenital and the genital route (65,110). The 
route of bovis access to the body determines generally the 
localization of the primary tuberculous lesions (65). Inhaled 
M. bovis organisms cause respiratory lesions (65). It is 
generally assumed that primary infection occurs usually in the 
lungs or lymph nodes (65). 
Contagiousness 
Considering the chronic course of the disease, bovine 
tuberculosis is enzootic in character but may assume 
occasionally an epizootic nature when first introduced to a 
healthy herd or area (96). Compared to other animal 
epizootics, bovine tuberculosis is characterized by a slow but 
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steady insidious spread. A healthy herd usually becomes 
infected after the introduction of infected animals which 
appear healthy (2,27). Therefore, it is important to purchase 
animals from certified free herds. Quarantine and tuberculin 
test should be performed prior to the introduction of newly 
purchased animals into the herd. 
Diagnosis 
Clinical diagnosis 
As reported earlier, clinical evidence of bovine 
tuberculosis is generally lacking and symptoms are not 
observed until the terminal stages of the disease. For this 
reason, the diagnosis and eradication of tuberculous infection 
were not possible prior to the development of tuberculin test 
(110). 
Tuberculin skin test 
As stated earlier, hypersensitivity to tuberculin usually 
develops in cattle within two or three weeks post-exposure to 
tubercle bacilli (5). Various forms of the tuberculin test 
have long been used as important tools in the fight against 
tuberculosis both in man and animals. Originally, Koch's Old 
Tuberculin (K.O.T), prepared from a heat concentrated culture 
filtrate of M. tuberculosis grown on glycerinated beef meat 
infusion broth was injected subcutaneously and lecture was 
done by repeated checking of body temperature (71). In 1908, 
Mantoux improved the test by intradermal injection of 
tuberculin and the test was assessed according to the degree 
of tissue reaction at the site of injection (71,110). 
Subsequent improvements were made with the use of a more 
specific O.T prepared from tubercle bacilli grown on synthetic 
medium of known chemical composition so that all the protein 
in the final product was tuberculo-protein (71). Early 
attempts to purify the O.T tuberculo-protein were carried out 
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by Seibert who developed in 1934 a purification method based 
on trichloro-acetic acid precipitation of the tuberculo-
protein. The resulting product was termed purified protein 
derivative (PPD) (49,71,121). 
The single Intradermal tuberculin test The single 
intradermal tuberculin test is the usual method for detecting 
tuberculous cattle (56,121). Over the years, different 
reagents and techniques have been used. The relative merit of 
each method is difficult to establish and the degree of 
effectiveness depends on several factors such as the quality 
of the reagent employed, the type of test, the interpretation 
methods and the epidemiological criteria (56). The most 
important of these criteria being the sensitivity and 
specificity of the test. Sensitivity is defined as the ratio 
of infected animals detected by the screening test to the 
total number of infected animals in the population being 
screened (71). Specificity is similarly defined as the ratio 
of noninfected animals whose response to the screening test is 
negative to the number of infection-free animals in that 
population (71). Because of the presence of beef broth 
derivatives in the final product giving rise to many false 
positive responses, Koch's Old Tuberculin is no longer in 
general use (121) and has been replaced either by heat 
concentrated synthetic medium old tuberculin (HCSM-OT) or PPD. 
The caudal fold single intradermal test using human HCSM. 
O.T was the most widely utilized tuberculin test in U.S.A, 
Australia New Zealand and other countries (71,110), whereas in 
France and Morocco single intradermal test using HCSM O.T was 
preferred because of high sensitivity (21,27). The tests 
consist of the intradermal injection (caudal or cervical) of 
tuberculin (0.1 or 0.2 ml). The response is assessed either 
subjectively by palpation of the injection site and 
observation of inflammatory signs (swelling, and pain) or 
objectively by calculating the skin thickness difference from 
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measurement taken prior to the tuberculin injection and at the 
time of reading (128). Animals showing a circumscribed 
swelling with a thickness measure difference of 4 mm or more 
are considered positive. Optimum responses yielding higher 
sensitivity were obtained when the reading was carried out at 
72 hours post injection as compared with 48h or 96h (128). For 
each batch of tuberculin, an optimum concentration is 
determined by assays in guinea-pigs and/or cattle (60,186). 
For routine testing, the best suited concentration of O.T was 
determined to be 0.2 mg of tuberculo-protein per dose 
corresponding roughly to 15,000 U.S tuberculin units or 5000 
international units known also as tuberculin units 
(21,71,186). 
Considering the tremendous progress made in some 
countries (U.S.A, Australia, Japan, Great Britain, Germany, 
France) toward eradication of bovine tuberculosis, the less 
sensitive but more specific bovine PPD was substituted for O.T 
(71,129,130,199). In addition, bovine PPD has been found to be 
more specific than HCSM-OT (110). The tests using PPD are 
conducted the same as those described above. 
The sensitivities and specificities of O.T and PPD 
tuberculin used in single caudal fold or in single cervical 
test as reported by Francis and coworkers (70,71) are 
presented in Table 6. 
As a result of the foregoing information, HCSM O.T 
appears to be more sensitive but less specific than PPD. 
Therefore, the use of HCSM O.T may be recommended for routine 
testing of a cattle population with high or moderate 
prevalence rate of tuberculosis. Likewise, the use of PPD is 
better suited in situations where tuberculosis has been 
reduced to a very low level. 
Anergy and false positive tuberculin responses 
Despite the remarkable achievements of the single intradermal 
tests in screening tuberculosis and in eradication schemes. 
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Table 6. Average sensitivities and specificities 
of various tuberculins used in the single 
caudal fold or single cervical intradermal 
tests for detection of tuberculosis in cattle 
(70,71) 
Type of 
tuberculin test 
Type of tuberculin 
used 
Sensitivity 
% 
Specificity 
% 
Caudal fold 
single intradermal 
Human HCSM 87.7 90.8 
Cervical single 
intradermal 
Human HCSM 85.1 88.9 
Caudal fold 
single intradermal 
Bovine FPD 81.8 96.3 
Cervical single 
intradermal 
Bovine PPD ^ 91.2 75.7 
they are known like other biological tests to have some 
limitations. Some cattle which are infected with M. bovis fail 
to respond to the tests (False negative). This condition was 
observed in newly infected animals which were tested prior to 
the development of a DTH response (Pre-allergic state) or in 
anergic animals (Post-allergic state) (71,73,180). Anergy is 
thought to be associated with generalized tuberculosis or with 
malnutrition, pregnancy and/or concurrent infections that may 
depress immune responsiveness (71). In addition intravenous 
injection or repetitive use of tuberculin as well as the 
administration of corticosteroid have been shown to depress 
the tuberculin skin responses (6,109,201). The occurrence of 
anergic responses among infected cattle impedes the control of 
the disease and constitutes a potential source for reinfection 
and further spread of tuberculosis within herds (73) . Some 
authors have suggested that the use of a larger dose (double 
strength tuberculin) may improve the detection of such 
infected animals (73). 
The second limitation of the single intradermal test 
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involves cattle which are not infected with M. bovis but do 
respond to the test (False positive) (71,110,144,180,226). The 
occurrence of non-specific responses is of great concern 
especially when tuberculosis is eradicated from a country, 
province or individual herd (110,180,226). The incidence of 
non- specific responses to mammalian tuberculin varies for 
different countries (159,226). 
It is generally assumed that most non-specific 
sensitization to mammalian tuberculin (heterospecific 
responses) arise as the result of animals being "infected" by 
microorganisms sharing antigenic epitopes with M. bovis 
(32,180). There has been a considerable amount of work on this 
subject. With the notable exception of M. tuberculosis which 
has been recovered from cattle infrequently (180,193,226), 
most of the heterospecific responses to mammalian tuberculin 
were attributed to mycobacteria other than M. bovis 
(110,180,226). Several mycobacterial infections have been 
recognized to be associated with heterospecific responses to 
mammalian tuberculin in cattle. Among these paratuberculosis, 
a wasting disease of ruminants, caused by M. paratuberculosis 
was reported to cause false positive responses in cattle 
(71,110,226). Infections caused by M.A.I.S complex were also 
found to give rise to non specific responses to mammalian 
tuberculin (71,110,226). M.A.I.S complex was frequently 
isolated from small lesions on lymph nodes, mastitis, 
metritis, generalized disease and skin tuberculoid lesions of 
cattle (68,100,110,152,208,211,215,226). Other infections 
including bovine nodular thelitis were apparently caused by 
M. aquae (100,123,152,153,154) or mastitis were caused by 
M. fortuitum (100,152,163,211,215). Skin lesions known also as 
dermatitis nodosa or skin tuberculosis caused by rapid growing 
mycobacteria (86,226) and pulmonary infection due to 
M. kansasii (32) were also reported to induce heterospecific 
responses. In addition, other mycobacteria were isolated from 
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cattle with no visible lesions but reacting to mammalian 
tuberculin. These include M. terrae complex, M. flavescens. 
M.A.I.S complex and several other mycobacterial species 
(32,64). Environmental studies have shown that many of the 
M.O.T.T are widespread in the environment and were isolated 
from water, soil, and mud as well as from several animal 
species (32,215). The majority of them are regarded as 
saprophytic or opportunistic pathogens (32). Thus, it is 
assumed that some of the observed heterospecific sensitization 
vary according to ecologic factors in a given environment 
(110). The pathogenicity of various "atypical" mycobacteria as 
well as tuberculin sensitivity were recently studied 
experimentally in cattle (40,41,42,43,161). Different strain 
of M. intracellulare. M. scrofulaceum. M. flavescens. 
M. slmiae. M. xenopi. M. terrae complex, and M. triaviale 
isolated from cattle, feral pigs, soil and water were 
inoculated subcutaneously or into mesenteric lymph nodes of 
lots of cattle. Pathogenicity and DTH to various PPD and 
sensitins were assessed at different intervals. The overall 
results with regard to pathogenicity were conflicting but most 
mycobacteria produced granuloma when injected subcutaneously, 
though some produced lesions in mesenteric lymph nodes 
(41,42,43,161). Delayed hypersensitivities were observed with 
bovine PPD, avian PPD and homologous sensitins at 4 weeks 
post-exposure. Responses were greater with avian PPD or 
homologous sensitins than with bovine PPD. Delayed type 
hypersensitivity to bovine PPD fail to persist after 10 weeks 
post-exposure but persisted somewhat for avian PPD and 
homologous sensitins and waned almost completely after 52 
weeks (40,41,42,43). 
The comparative cervical tuberculin test (CCT) 
Procedures utilizing more than one type of tuberculin have 
been employed in the early 1940's to help differentiate 
M. bovis infected cattle from animals showing a heterospecific 
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sensitivity (180). Several CCT were described; but the most 
reliable is the method using avian and mammalian PPD 
tuberculin of equal concentration (91,180). The CCT is 
performed by simultaneous intradermal injections of 
biologically balanced avian and bovine PPD tuberculin into two 
separate distant sites in the skin of the neck. The reading is 
usually done after 72 h by calculating for each site, the 
difference between skin thickness (mm) prior to injection and 
at the time of reading (mm). Animals showing a greater 
response to mammalian PPD are considered suspect on positively 
infected with M. bovis (64,91,180). The sensitivity of the CCT 
was determined to range from 68.6% (71) to 74.36% (180), 
whereas its specificity was found to vary from 88.8% (71) to 
97.3% (180). Because of moderate sensitivity and high 
specificity, the CCT is limited for use in herds where bovine 
tuberculosis has not been disclosed (110). 
Lymphocyte transformation assavs 
The transformation of lymphocytes from individuals 
sensitized to mycobacteria is generally considered to be an 
expression of DTH (145). Stimulation of sensitized lymphocytes 
by specific antigens will result in transformation with a 
subsequent increase in the uptake of nucleic acid precursors 
such as thymidine. The in vitro lymphocyte transformation test 
has been evaluated in M. bovis and M. avium experimentally 
infected cattle (148,207) as well as in cattle naturally 
exposed to M. bovis or to M. paratuberculosis (98,207). 
Lymphocytes cultured in vitro from infected animals manifested 
a significant uptake of tritiated thymidine in response to 
homologous antigens (98,148,207). However, cultured 
lymphocytes from infected badgers were suppressed in the 
presence of the antigen (145). The test offers some advantages 
since it is carried out in vitro but requires expensive 
material (scintillation counter) and uses radio actively-
labelled compounds which may be dangerous if not disposed of 
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properly (207). For these and other biological reasons the 
L.T.T has not been adopted as a diagnostic test and has not 
come to wide use. 
Histopatholoqy 
As reported earlier, the basic tuberculous lesion known 
as tubercle is the prototype of a granulomatous reaction. 
Tubercles are considered to be specific lesions of tubercle 
bacilli (65). However, granulomas caused by other acid-fast 
bacteria could not be differentiated histologically from 
tubercles (208). Characteristic features of the tubercle were 
outlined on the section dealing with histopathology of 
tuberculous lesions. 
Mvcobacteriolooic examination 
Bacterioscopy Demonstration of the presence of acid-
fast bacilli may be performed on smears stained with the 
Ziehl-Neelsen method or with fluorochrome dyes (146,213,214). 
However, the test is of moderate sensitivity and is of 
presumptive value only (4,146). Microscopic examination is 
usually performed prior to culture. 
In vitro isolation of tubercle bacilli Cultural 
methods have been shown to be the most reliable procedure for 
diagnosis of tuberculosis (79). Tubercle bacilli may be 
recovered from tissues or from various secretions or 
excretions such as milk or pulmonary discharges (34,55,224). 
Unfortunately, most specimens submitted for culture of 
mycobacteria contain fungi and bacteria which, unless 
destroyed will contaminate the media, especially when 
considering the fact that tubercle bacilli require several 
weeks for growth (34,79). Contamination may be minimized by 
treating the specimen with an agent that will selectively 
destroy the contaminating organisms (34,79,213,214). There is, 
however, no reagent which will destroy all the unwanted 
bacteria and fungi without reducing in some instances 
substantially the number of mycobacteria (34,79). The 
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decontaminants usually utilized in clinical mycobacteriology 
include, sodium hydroxide, sulfuric acid, oxalic acid and 
benzalkonium chloride (34,79). The first and the last one are 
the preferred decontaminants in veterinary mycobacteriology 
(213). After treatment for a predetermined time, the action of 
the chemical is stopped by neutralization (34,79,213,214). The 
mixture is then centrifuged and the deposit is inoculated onto 
culture media (34,79,213). The most frequently used culture 
media in veterinary mycobacteriology include Lowenstein-
Jensen, Herrold, Stonebrink and Middlebrook 7H10 (213) . These 
media contain malachite green, a selective dye for the growth 
of mycobacteria. The combination of these media have been 
shown to improve the sensitivity of isolation (27). Recently, 
a new medium for the isolation of mycobacteria termed XP-1 was 
described and was reported to be more efficient when compared 
with others (94). Primary isolation of tubercle bacilli 
requires several weeks incubation at 372c (213). Currently, 
new rapid semiautomated radiometric systems and gas liquid 
chromatography have been developed for detection of 
mycobacteria (81,175,212). However, they have not come into 
widespread use in veterinary mycobacteriology laboratories. 
In vivo isolation and pathogenicity of tubercle bacilli 
for laboratory animals The most suitable laboratory animal 
for isolation of mammalian tubercle bacilli is the guinea-pig 
(224). The use of this animal in the diagnosis of tuberculosis 
was at one time very popular, because of its high sensitivity 
to small inocula of tubercle bacilli (79) . Guinea-pigs are 
very sensitive to inoculation with M. tuberculosis and M. 
bovis but are resistant to M. avium (213). Intraperitoneal or 
subcutaneous inoculation of mammalian tubercle bacilli to 
guinea-pigs results in the development of a generalized 
disease in 4 to 8 weeks involving several organs (224). In 
addition to guinea-pigs, rabbits are sometimes employed to 
differentiate between the human and the bovine tubercle 
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bacilli (200,213). Rabbits are highly sensitive to 
experimental infection with H» bovis and JI. avium (especially 
serotype 1 and 2 ) and are relatively resistant to M. 
tuberculosis (200). Chickens are useful to differentiate 
between M. avium and mammalian tubercle bacilli. They are 
highly sensitive to experimental infection with M. avium but 
are resistant to M. bovis and M. tuberculosis (200,213). 
However, the development of highly sensitive in vitro 
isolation and identification methods has limited the use of 
laboratory animals (79). Furthermore, these laboratory animals 
are expensive to purchase and to maintain and may be a source 
of hazardous contamination to laboratory personnel if not 
handled properly (79,224). Tubercle bacilli are often excreted 
in the urine and feces of infected laboratory animals (224) . 
Identification of tubercle bacilli In addition to 
morphological features and growth criteria, several tests have 
been developed for identification of mycobacterial isolates. 
These include biochemical, drug susceptibility and 
immunological tests. Differential features of tubercle bacilli 
as well as other mycobacteria have been presented in Table 3. 
Recently, a new identification method of M. bovis was 
developed (161). The test utilizes a thin-layer 
chromatographic technique for extracted lipid analyses and has 
been found to be more rapid and as efficient than other tests 
(161). However, this method has not come to wide use in 
veterinary mycobacteriology laboratories yet. 
Serologic tests 
A variety of serologic procedures have been developed and 
evaluated for detection of humoral antibodies against tubercle 
bacilli. The passive hemagglutination was reported to be of 
low sensitivity (34%) and specificity (24,232). Similarly, the 
complement fixation test was also found to be unreliable with 
a sensitivity ranging from 25 to 40% (101,232). Gel diffusion 
and interfacial precipitation tests have been reported to be 
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unsuccessful because of their low sensitivity ranging from 21% 
to 40% (24). Indirect fluorescent antibody test as well as 
bentonite or kaolin flocculation test have been reported to be 
more sensitive (77% and 75% respectively) but non specific 
(31,127). 
Recently an indirect enzyme-linked immunosorbent assay 
(ELISA) was developed for detection of mycobacterial 
antibodies (IgG) in sera of infected cattle, humans or other 
animals (10,183,203,205,206). The ELISA test appears to be 
very promising as judged from results obtained on sera of 
experimentally infected animals as well as in field trials 
(203,205). Bovine PPD (179,203,205), killed sonicate of 
M bovis (10) , JJ. bovis phosphatide extracts (85) and sodium 
deoxycholate extracts of M. bovis (84) were used as antigenic 
preparations in the ELISA test. The sensitivity and 
specificity of the test vary according to the antigen used and 
procedures employed. In experimentally infected cattle, the 
test using bovine PPD was found to be 80% sensitive (203) . In 
naturally infected cattle, the sensitivity and specificity 
were 90% and 89.8% respectively using bovine PPD (179). When 
using a killed sonicate antigen, the sensitivity of the test 
was found to range from 63% to 88.7% with a specificity of 
52.6% (10). In humans, an ELISA test using a 30.000 D protein 
of M. tuberculosis was shown to have a sensitivity and 
specificity of 70% and 100% respectively but failed to detect 
antibodies on patients with miliary or pleural tuberculosis 
(183). A modification of ELISA test utilizing a horseradish 
labelled protein A conjugate was developed and applied 
successfully in the detection of mycobacterial antibodies in 
the sera of some exotic animals (209). 
As a result of the foregoing information, the ELISA test 
appears as the most sensitive method for serological diagnosis 
of tuberculosis. In addition, the ELISA could be automated and 
used for large numbers of sera. Further characterization of 
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species-specific antigens of mycobacteria may lead ultimately 
to a test with a higher specificity. 
Other diagnostic tests 
An in vitro DNA hybridization method using a nucleic acid 
probe was recently developed for use in the identification of 
mycobacteria (80). Similarly the polymerase chain reaction 
(PGR) was also developed for amplification of DNA to use in 
hybridization test (45). So far these tests have not been 
evaluated for direct application to clinical specimens and 
have not been used routinely in diagnostic laboratories. More 
recently, a new in vitro diagnosis test based on the release 
of gamma interferon from cultured sensitized T-lymphocytes 
stimulated with mycobacterial antigens-was developed (225). 
The importance of this test in the specific diagnosis of 
tuberculosis requires further investigation. 
Prevention and Control of Bovine Tuberculosis 
Because of the economic and hygienic importance of bovine 
tuberculosis, tremendous efforts have been made for 
eradication of cattle tuberculosis in North America, Japan and 
other developed countries (110). The basis of eradication 
programs in these countries has been systematic application of 
the tuberculin test and the slaughter of reactors (test and 
slaughter method) (110). In U.S.A where eradication has been 
nearly achieved from all states, the use of slaughter 
traceback to farms of origin of animals found positive at a 
slaughterhouse and subsequent epidemiologic investigations has 
been substituted for systematic tuberculin testing. However, 
test and slaughter methods was reported to be not suitable for 
countries with high incidence of reactors (i.e., India) where 
test and segregation is currently used (110). This procedure 
requires segregation premises and is of no value in 
controlling bovine tuberculosis (110). 
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Unlike in humans, vaccination of cattle with BCG or 
killed vaccine has been proven unsuccessful in preventing 
tuberculous infection (21-34% protection rate only) (33). 
Furthermore, vaccinated animals become tuberculin positive, 
thus interfering with the tuberculin test (110,199). Treatment 
with antituberculous drug or chemoprophylaxis, using INH 
administered daily in the form of 100 mg per kilogram doses 
for 6 to 11 months was found to be of value against bovine 
tuberculosis (110,199,224). However, the emergence of drug-
resistant strains, the elimination of INH residues in the milk 
and the danger of relapse when drug is withdrawn are major 
disadvantages of this method. Therefore chemoprophylaxis is 
not recommended. 
The best preventive method against bovine tuberculosis is 
to avoid introduction of infected animals into a clean herd 
(110) . 
In Morocco, the test and slaughter policy is the official 
control method against bovine tuberculosis. However, the 
tuberculin test is performed only in registered dairy herds. 
Moreover, animals found positive are not systematically sent 
to a slaughterhouse because of low indemnification to owners. 
In many instances reactors are sold freely in the area market; 
this contributes to further spread of infection to neighboring 
clean herds. Therefore a national eradication program should 
be implemented soon and executed properly. 
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PART ONE: PREPARATION AND BIOLOGICAL EVALUATION OF 
ANTIGENIC EXTRACTS PREPARED FROM MYCOBACTERIUM 
BOVIS. MYCOBACTERIUM AVIUM. MYCOBACTERIUM 
FORTUITUM. RHODOCOCCUS EOUI OR FROM NOCARDIA 
ASTEROÏDES 
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ABSTRACT 
Field isolates of bovis. M. avium serotype 1, R. eaui. 
M. fortuitum and N. asteroides were extracted using 2% sodium 
deoxycholate (DOC) and 0.003M EDTA according to procedures 
described previously (84). Extracts from M. bovis. M. avium. 
M. fortuitum and N. asteroides were separated by size 
exclusion chromatography using Sephadex S-200 into 2 fractions 
(1 and 2) at absorbance of 280 nm. Fraction 1 of M. bovis. 
M. fortuitum. M. avium or N. asteroides as well as a 
nonfractionated DOC extract of R. eaui elicited delayed-type 
hypersensitivity responses in homologously or heterologously 
sensitized of guinea-pigs. Responses were not detected using 
DOC fractions 2. Significant differences were detected for 
each of the antigens when enzyme-linked immunosorbent assay 
(ELISA) values were compared, using different dilutions of 
sera obtained from cattle before and 4 weeks after 
sensitization with homologous bacterial preparations (p<0.05). 
Significant ELISA cross-reactions were observed in sera of 
M. bovis and of M. avium sensitized calves, using heterologous 
antigens. 
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INTRODUCTION 
The intradermal tuberculin test is the method widely used 
for detecting tuberculosis in cattle (56,121). Although it is 
highly effective in screening for tuberculosis and in 
eradication schemes, the tuberculin skin test is time 
consuming, requires restraining of animal twice and is not 
practical in many areas of the world. Moreover, tuberculin 
skin test suffers from some limitation such as false positive 
or negative skin test responses (71,73,110,180,226). Efforts 
to develop more accurate screening tests have been limited, 
mainly because isolation of species-specific immunologically-
active mycobacterial antigens has proven difficult (54). 
The aims of this study were; 
1) To prepare soluble extracts of viable field isolates 
of Mycobacterium bovis. Mvcobacterium avium. Mycobacterium 
fortuitum. Rhodococcus eaui and Nocardia asteroides using 
sodium deoxycholate (DOC) and fractionated by size-exclusion 
chromatography. 
2) To screen the biological activity of fractionated 
extracts by conducting delayed-type hypersensitivity tests in 
homologously and heterologously-sensitized guinea-pigs. 
3) To evaluate the use of DOC extracts as antigens in 
ELISA for detecting antibodies in sera of cattle after 
sensitization with each of five bacterial preparations. 
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MATERIALS AND METHODS 
This part of dissertation was conducted at the 
Mycobacteriology Laboratory of the department of Microbiology, 
Immunology and Preventive Medicine (MIPM), Iowa State 
University, Ames, Iowa, U.S.A. 
Preparation of Antigenic Extracts 
Bacterial strains 
Moroccan field isolates, Mycobacterium bovis BM, and M. 
avium BM„ serotype 1, -recovered from 2 different cows in 
Morocco and characterized at National Veterinary Service 
laboratory (N.V.S.L), United State Department of Agriculture 
(USDA), Ames, Iowa, U.S.A, Mycobacterium fortuitum 3191 and 
field isolates of Nocardia asteroides and Rhodococcus eaui 
obtained from the Department of M.I.P.M., I.S.U, Ames, Iowa 
were utilized in these experiments. 
Mycobacterial cells were grown on non-glycerinated 
Middlebrook 7H10 solid media (DIFCO) supplemented with 4.1%. 
sodium pyruvate (Sigma) and incubated at 37sc for 10 weeks 
(M. bovis and M. avium) or 2 weeks (M. fortuitum). Nocardia 
asteroides and R. eaui were grown on tryptose soy agar (DIFCO) 
and incubated at 37"C for 1 week and 24 hours, respectively. 
Extraction method 
Cells from each isolate were harvested from agar slants, 
transferred into sterile 250 ml centrifuge bottles containing 
50 ml of sterile distilled water and centrifuged at 10,000 x g 
(Diamond/IEC B-20A) for 30 minutes at 4°C. The supernatant was 
discarded and autoclaved and the pellet of cells was 
resuspended in 1/4 ratio (mg of cells/solution) of a 2% 
solution of sodium deoxycholate (DOC) (Fisher) and 0.003 M 
ethylenediamine- tetraacetic acid (EDTA) (Sigma) prepared in a 
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buffer made of 0.1 M Tris-HCl (Sigma), 0.15 M NaCl (Fisher) 
with 0.02% sodium azide (Kodak) [pH=8.4] and 10 mM phenyl 
methylsulfonyl fluoride (PMSF, Sigma) dissolved in 2-propanol 
(Fisher). The suspension was incubated while stirring for 48 
hours at 4°C. The cells were discarded after centrifugation at 
10.000 X g for 20 minutes at 4°C and the supernatant was 
dialyzed in 6000-8000 molecular weight tubing (Spectrapor) for 
48 hours against a 500 ml solution of 0.1% DOC prepared in a 
buffer made of 0.01 M Tris-HCl, 0.003 M EDTA, 0.02% sodium 
azide [pH=8.4] and 2mM PMSF. Except for DOC extract of R. 
eaui. other DOC dialysates were centrifuged at 4000 x g for 20 
minutes at 4®C, filter-sterilized and chromatographed on an 
upward-flowing 1.5 cm x 90 cm column (LKB Pharmacia) of 
sephacryl S-200 (Pharmacia) with a continuous flow of DOC 
dialysis buffer. Absorbance at 280 nm was monitored and 
fractions corresponding to observed peaks were collected using 
a fraction collector (ISCO) previously set to a sensitivity of 
0.1 and a chart speed of 1.5 cm per hour. The identified peaks 
were then concentrated by negative pressure dialysis against a 
phosphate buffered saline (P.B.S.S) (pH=7.2) using a dialysis 
membrane of 10.000 M.W cutoff (Prodicon) and filter-
sterilized. Protein concentration of each concentrated peak 
was determined using ovalbumin as the protein standard 
according to the BCA protein assay Kit's method as described 
by the manufacturer (PIERCE). The bacterial extracts were 
dispensed in 2-ml aliquots and stored at 4°C. 
Delayed Type Hypersensitivity Tests in Guinea-Pigs 
Forty-two virgin guinea-pigs (400-600g) were assigned 
randomly to 7 groups of 6 animals each. Guinea-pigs in each 
group were sensitized by intramuscular injection of a 
suspension of 10 mg heat-killed cells in 0.1 ml of mineral oil 
prepared from one of the following strains. 
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- M. bovis AN; obtained from N.V.S.L, Ames, lowa. 
- M. bovis BM, 
- H. avium D4 obtained from N.V.S.L, Ames, Iowa. 
- M. avium BM„ serotype 1. 
- ÎÎ. f or tu i turn 3191. 
- H. asteroides 
- R. eaui 
Two non-sensitized guinea-pigs were included in this 
experiment to serve as a negative control group. 
For each sensitized group, 2 guinea-pigs were utilized 4 
weeks after sensitization to monitor DTH responses using 
homologous fractionated extracts (Peaks) or nonfractionated 
DOC extract of R. eaui. at a concentration of 48 ng of protein 
diluted in P.B.S.S. Mycobacterium bovis and M. avium PPD's 
(Ser 31 Bal 8801 and Ser 31 Bal 8802, respectively) as well as 
DOC and P.B.S.S buffers were used as standard reagents for 
comparison of DTH responses. Fractions (Peaks) giving rise to 
positive DTH responses in homologous sensitized guinea-pigs 
were stored at 4®C for further studies. 
Six weeks after sensitization, the remaining 4 guinea-
pigs of each group were tested on the shaved abdomens with the 
intradermal injection at 8 different equidistant sites of 
M. bovis and M. avium PPD's (48 ng of proteins in 0.1 ml), 
homologous and heterologous reactive fractions (48 ng of 
proteins in O.l ml) as well as P.B.S.S (negative control). 
Two non-sensitized guinea-pigs also were injected 
intradermally at separate sites with each antigen preparation 
as well as with P.B.S.S and DOC buffers. The injection sites 
on each guinea-pigs were observed at 24 and 48 hours after 
injection of antigen and the cross-sectional diameter of 
responses was measured (in mm) with a caliper. The area of DTH 
responses was calculated and the results were subjected to 
one-way analysis of variance. Differences in the means of skin 
test responses for different antigens were tested using Fisher 
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least significant difference test. 
Enzyme-Linked Immunosorbent Assay (ELISA) in Calves 
Animals 
Twenty 6 to 8 months old calves were utilized 
in ELISA studies. Calves were assigned randomly to 5 groups of 
4 animals each. Calves were sensitized by subcutaneous 
injection using a suspension of 60 mg (wet weight) heat-killed 
cells in 0.3 ml of mineral oil prepared, from each of the 
following strains: 
- M. bovis ANS,. 
- M. avium D4. 
- N. asteroides (field isolate). 
- M. fortuitum 3191. 
- R. eaui (field isolate). 
A blood sample was collected from each animal prior to 
and 4 weeks after sensitization. Blood samples were 
centrifuged at 2000 r.p.m for 15 minutes and the sera were 
decanted into several aliquots of 2 ml each and stored at -
20°C for ELISA. 
ELISA 
Antigens Indirect ELISA were conducted using 
M. bovis PPD and skin reactive fractions of DOC extracts 
prepared from various bacterial cultures mentioned above. 
ELISA procedures Enzyme-linked immunosorbent assay was 
carried out following the procedures described by Hall and 
Thoen (84) . The test was standardized utilizing various 
dilutions of antigen preparation and constant dilutions of 
sera. Goat anti-bovine immunoglobulin G was used as conjugate. 
Optimum concentrations of each antigen preparation were 
determined for use in ELISA. 
Antigens were diluted in a 0.5 mg per ml solution of 
carbodiimide (Sigma) prepared in a buffer of 0.1 M NajCO, 
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(Sigma) [pH=9.6]. An aliquot of 100 /itl of diluted M. bovis PPD 
(Ser 31 Bal 8801, Ames, Iowa) corresponding to 500 ng of 
protein was added to each well of a 96 wells microtiter plate 
(Dynatech, Immunolon type I) except for the first column of 8 
wells serving as a blank. Similarly, preparations of other 
antigens corresponding to 250 ng of protein per well was added 
to separate wells of microtiter plates. 
The sensitized microtiter plates were then placed in 
sealed plastic bags and incubated for about 16 hours at 4°C. 
The plates were then washed manually 3 times with P.B.S.S 
(pH=7.2) and 100 fj.1 of 0.01 M. NH4CI solution was added to each 
well. After 30 minutes incubation at room temperature («22®C), 
the plates were washed 3 times with a P.B.S.S-tween 80 wash 
solution. Serial dilutions (1:80 to 1:640) of serum samples 
collected from each calf in the 5 groups prior to and 4 weeks 
after sensitization were made in a P.B.S.S-tween 80 diluent 
solution and 50 jul of each dilution was added to each well. 
Each serum sample including a negative serum control was 
tested twice on two separate days in duplicate for each of the 
homologous and heterologous antigens. Serum samples were 
incubated for 30 minutes at room temperature on a horizontal 
shaker. The plates were then washed 8 times with wash solution 
and a 50 /xl of a working dilution of an affinity purified goat 
anti-bovine immunoglobulin G, (heavy and light chain specific) 
labelled with horseradish peroxidase (Kirkegaard and Perry 
Laboratories, Inc) corresponding to 30 ng/well was added to 
each well. After a 30 minute incubation period at room 
temperature on a horizontal shaker, the plates were again 
washed 8 times with wash solution and allowed to stand 
inverted for 1 hour. Then, 100 fil of a working substrate 
indicator solution of hydrogen peroxide and 2,2' azino-di-3-
ethylbenzthiazoline-6 sulfonate (A.B.T.S, N.V.S.L, Ames, Iowa) 
in 0.05 M citric acid (pH=4.0) (Fisher), was added to each 
well and the plates were incubated at room temperature for 30 
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minutes and 1 hour periods. The color intensity of the 
reactions were determined using a photometer (Dynatech) at a 
wavelength of 405 nm. The results were then evaluated 
statistically using paired t-test to detect differences 
between ELISA tests conducted on 2 different days as well as 
between serum samples taken at different intervals (prior to 
and 4 weeks after sensitization). Statistically significant 
differences were not detected between ELISA mean values for 
sera tested on two different days using a given antigen. 
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RESULTS 
Size-Exclusion Chromatography Results 
Size-exclusion chromatography of DOC extracts of M. bovis 
BMl, M. avium BMll, M. fortuitum and N. asteroides. using 
sephacryl S-200 monitored at absorbance of 280 nm, revealed 
two peaks for each extract. Chromatograms of the four DOC 
extracts are shown in Figures 1, 2, 3 and 4. 
The fraction corresponding to peak 1 of M. bovis DOC 
extract contained 1.72 mg of soluble protein per milliliter, 
whereas fraction 2 contained 1.13 mg/ml. The fraction 
corresponding to peak 1 of M. avium BMll DOC extract contained 
2.52 mg of soluble protein per milliliter, whereas fraction 2 
contained 3.25 mg/ml. The fraction corresponding to peak 1 of 
M. fortuitum DOC extract contained 1.85 mg of soluble protein 
per milliliter, whereas fraction 2 contained 2.75 mg/ml. The 
fraction corresponding to peak 1 of N. asteroides DOC extract 
contained 2 mg of soluble protein per milliliter, whereas 
fraction 2 contained 2.75 mg/ml. Protein content of R. eaui 
DOC (RED) nonfractionated extract was 2.25 mg/ml. 
Results of Delayed-Type Hypersensitivity (DTH) in Guinea-Figs 
Skin test responses were observed with RED or with DOC 
extracts (peak 1 fraction) of M. bovis BMl (MBD), N. 
asteroides (NAD), M. avium BMll (MAD), and M. fortuitum (MFD) 
in each of two homologously sensitized guinea-pigs. No 
important responses were observed using DOC peak 2 fractions 
of each of the four bacterial extracts; therefore, these 
extracts were not included in further evaluations. 
Skin test responses were not observed in two non-
sensitized guinea-pigs at 24 or 48 hours. Deoxycholate or 
M. bovis BMl DOC 
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Figure 1: Chromatogram of DOC extract of M. bovis monitored 
at absorbance of 280 nm 
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Figure 2: Chromatogram.of DOC extract of M. avium monitored 
at absorbance of 280 nm 
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Figure 3 ; Chromatogram of DOC extract of M. fortuitum 
monitored at absorbance of 280 nm 
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Figure 4: Chromatogram of DOC extract of N. asteroides 
monitored at absorbance of 280 nm 
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P.B.S.S. buffers alone failed to induce DTH skin responses in 
sensitized or control guinea-pigs. 
Comparison of the results of skin test responses at 24 or 
48 hours to different bacterial antigens in each of four 
M. bovis BMl-sensitized guinea-pigs is shown in Table 7. At 24 
hours, responses to M. bovis PPD in each of four guinea-pigs 
ranged from 197.8 to 282.6 mm' (m.v.= 250.8); responses to 
M. avium PPD ranged from 70.65 to 94.98 mm' (m.v.= 82.42) and 
responses to MBD ranged from 180.1 to 254.3 mm2(m.v.= 226.3). 
Skin test responses elicited by M. bovis PPD or MBD antigen 
were significantly greater than DTH responses induced by other 
bacterial antigens tested (p<0.01). Similarly, significant 
differences were detected between skin test responses induced 
by M. avium PPD or MAD and those elicited by RED (p<0.05). 
Skin test responses observed at 48 hours to different 
bacterial antigens in each of four M. bovis BMl-sensitized 
guinea-pigs were similar to the responses observed at 24 hours 
in that M. bovis PPD induced significantly greater DTH 
responses than did other bacterial antigens tested (p<0.01) 
including MBD (p<0.05). Likewise, DTH responses elicited by 
MBD were significantly greater than responses induced by 
M. avium PPD, NAD, MAD, MFD or by RED (p<0.01). However, no 
significant difference was detected between DTH responses 
induced by RED and MAD; whereas a significant difference was 
detected between skin test responses induced by M. avium PPD 
and MFD (p<0.05). 
Comparison of differences in responses at 24 and 48 hours 
using F.L.S.D.T between skin test responses to different 
bacterial antigens in M. bovis BMl-sensitized guinea-pigs is 
shown in Table 8. 
Comparison of the results of skin test responses at 24 or 
48 hours to different bacterial antigens in each of four 
M. bovis AN5-sensitized guinea-pigs is shown in Table 9. At 24 
hours, responses to M. bovis PPD in each of four guinea-pigs 
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Table 7; Results of delayed-type hypersensitivity skin test 
responses (in mm^) at 24 and 48 hours in each 
of four Mycobacterium bovis BMl-sensitized guinea-
pigs-using 7 antigen preparations 
Antigen 
Time 
(Mrs) 
Guinea-pig number 
Mean 1 SD 
1 2 3 4 
{J. bovis 24 268.47 282.60 254.34 197.82 250.80 : t 37.16 
PPD 
48 141.30 173.48 186.83 142.87 161.10 ; t 22.65 
M- avium 24 77.71 70.65 86.35 94.98 82.42 t 10.55 
PPD 
48 50.24 52.20 63.58 63.58 57.40 ± 7.18 
24 63.58 47.10 50.24 53.38 53.57 ± 7.14 
NAD® 
48 35.71 23.74 28.26 28.26 28.99 t 4.95 
24 50.24 70.65 44.15 63.58 57.15 ± 12.12 
MFD^ 
48 32.97 43.96 27.47 38.46 35.71 t 7.09 
24 38.46 56.52 38.46 50.24 45.92 t 8.98 
RED® 
48 19.62 28.24 23.74 28.24 24.96 ± 4.14 
24 223.72 180.15 254.34 246.88 226.30 t 33.40 
MBD* 
48 141.30 94.98 141.30 112.25 122.50 1 1 22.87 
24 86.35 90.27 63.58 70.65 77.71 ± 12.67 
HAD" 
48 43.96 41.21 28.26 38.46 37.97 ± 6.85 
PBSS' 
24 NRO NR NR NR -
48 NR NR NR NR -
^ Nocardia asteroides DOC extract 
^ Mycobacterium fortuiturn DOC extract 
® Rhodococcus eaui DOC extract 
^ Mycobacterium bovis DOC extract 
® Mycobacterium avium DOC extract 
^ Phosphate buffered saline solution 
8 No detectable responses 
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Table 8: Results of the Fisher's Least Significant 
Difference Test for detecting differences 
in skin test responses elicited by seven 
antigens in Mycobacterium bovis BMl-
sensitized guinea-pigs 
Skin responses comparison 24 hours 48 hours 
tJ. bovts PPD- iJ. avium PPD ** ** 
M. bovis PPD- |1. asteroides DOC ** ** 
M. bovis PPD- H. fortuitum DOC ** ** 
(J. bovis PPD- g. equi DOC ** ** 
M. bovis PPD- H- bovis BH1 DOC N.S." ** 
M. bovis PPD- H. avium BH11 DOC ** ** 
H. avium PPD- H. asteroides DOC N.S. ** 
H. avium PPD- M. fortuitum DOC N.S. * 
tj. avium PPD- R. equi DOC * ** 
H. bovis BH1 DOC-H. avium PPD ** ** 
M. avium PPD- avium BH11 DOC N.S. N.S. 
M. fortuitum- N. asteroides DOC N.S. N.S. 
N. asteroides- R. equi DOC N.S. N.S. 
H. bovis BH1- N. asteroides DOC ** ** 
H. avium BH11- N. asteroides DOC N.S. N.S. 
M. fortuitum- R. equi DOC N.S. N.S. 
M. bovis BH1- M. fortuitum DOC ** ** 
M. fortuitum- M. avium BM11 DOC N.S. N.S. 
M. bovis BH1- R. equi DOC *« ** 
H. avium BM11- R. equi DOC * N.S. 
M. bovis BM1- H- avium BH11 DOC ** ** 
^ Non significant difference 
* Significant difference: P30. 05 
** Significant difference: p:SO H O 
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Table 9: Results of delayed-type hypersensitivity skin test 
responses (in mm') at 24 and 48 hours in each of 
four Mycobacterium bovis AN5-sensitized guinea-pigs 
using 7 antigen preparations 
Time Guinea-pig number 
Antigen Mean ± SD 
(hrs) 
1 2 3 4 
M. bovis 24 314.00 268.47 213.52 254.34 262.6 1 41.45 
PPD 
48 153.07 175.84 131.88 141.30 150.5 ± 18.97 
M. avium 24 54.95 63.58 60.05 49.45 57.01 ± 6.15 
PPD 
48 38.46 41.21 43.96 35.71 39.83 t 3.55 
24 41.21 47.10 40.82 50.24 44.84 ± 4.60 
NAD" 
48 28.26 35.71 32.97 32.97 32.48 1 3.09 
24 43.96 50.24 63.58 50.24 52.00 1 8.26 
MFD^ 
48 25.51 40.03 38.46 33.16 34.29 t 6.55 
24 60.05 43.96 44.15 56.52 51.17 ± 8.34 
RED" 
48 32.97 30.61 28.26 33.16 31.25 ± 2.30 
24 282.47 253.55 213.52 298.30 262.0 ± 37.23 
MBD^ 
48 200.17 153.07 163.28 164.85 170.3 ± 20.56 
24 80.07 70.65 78.50 77.71 76.73 ± 4.17 
MAD" 
48 38.46 35.71 43.96 40.82 39.74 ± 3.50 
24 NR= NR NR NR 
PBSS' 
48 NR NR NR NR • 
^ Nocardia asteroides DOC extract 
^ Mycobacterium fortuitum DOC extract 
® Rhodococcus eaui DOC extract 
^ Mycobacterium bovis DOC extract 
® Mycobacterium avium DOC extract 
^ Phosphate buffered saline solution 
S No detectable response 
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ranged from 213.5 to 314 mm^ (m.v.= 262.6); responses to 
M. avium PPD ranged from 49.4 to 63.58 mm' (m.v.= 57.01) and 
responses to MBD ranged from 213.5 to 298.3 mm^(m.v.= 262). 
Skin test responses elicited by M. bovis PPD or MBD were 
significantly greater than DTH responses induced by other 
bacterial antigens tested (p<0.01). Similarly, significant 
differences were detected between skin test responses induced 
by îî. avium PPD or MAD and those elicited by RED (p<0.05) . 
Skin test responses observed at 48 hours to different 
bacterial antigens in each of four M. bovis AN5-sensitized 
guinea-pigs were similar to the responses observed at 24 hours 
as that M. bovis PPD induced significantly greater DTH 
responses than did other bacterial antigens tested including 
MBD (p<0.01). Likewise, DTH responses elicited by MBD were 
significantly greater than responses induced by M. avium PPD, 
NAD, MAD, MFD antigens or RED (p<0.01). However, no 
significant difference was detected between DTH responses 
induced by RED and MAD; whereas a significant difference was 
detected between skin test responses induced by M. avium PPD 
and MFD (p<0.05). 
Comparison of differences in responses at 24 and 48 hours 
using F.L.S.D.T between skin test responses to different 
bacterial antigens in M. bovis AN5-sensitized guinea-pigs is 
shown in Table 10. 
Comparison of the results of skin test responses at 24 or 
48 hours to different bacterial antigens in each of four 
M. avium BMll-sensitized guinea-pigs is shown in Table 11. At 
24 hours, responses to M. bovis PPD in each of four guinea-
pigs ranged from 282.6 to 353.2 mm' (m.v.= 317.5); responses 
to M. avium PPD ranged from 254.3 to 354.4 mm^ (m.v.= 295.2); 
responses to MAD ranged from 120.9 to 188.4 mm^(m.v.= 159.9) 
and responses to MFD ranged from 253.5 to 282.6 mm' (m.v.= 
26*8). Skin test responses elicited by M. bovis PPD were 
significantly greater than DTH responses induced by NAD, MAD, 
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Table 10; Results of the Fisher's Least Significant 
Difference Test for detecting differences 
in skin test responses elicited by seven 
antigens in Mycobacterium bovis AN5-
sensitized guinea-pigs 
Skin responses comparison 24 hours 48 hours 
M. bovis PPD- M. avium PPD ** ** 
H. bovis PPD- N. asteroides DOC ** ** 
H. bovis PPD- H. fortuitum DOC ** ** 
H. bovis PPD- g. eoui DOC ** ft* 
M. bovis PPD- y. bovis BH1 DOC N.S." * 
JJ. bovis PPD- H. avium BM11 DOC ** ** 
M. avium PPD- M. asteroides DOC N.S. N.S. 
M. fortuitum DOC- H. avium PPD N.S. N.S. 
M. avium PPD- R. eoui DOC N.S. N.S. 
M. avium PPD- iJ- bovis BH1 DOC ** ** 
H. avium PPD- H. aviutq BM11 DOC N.S. N.S. 
H. fortuitum- N. asteroides DOC N.S. N.S. 
N. asteroides- R. eoui DOC N.S. N.S. 
H. bovis BH1- N. asteroides DOC ** ** 
M. avium BH11- N. asteroides DOC N.S. N.S. 
H. fortuitum- R. eoui DOC N.S. N.S. 
H. bovis BH1- M. fortuitum DOC •• ** 
M. fortuitum- H. avium BM11 DOC N.S. N.S. 
M. bovis BM1- R. eoui DOC ** ** 
M. avium BH11- R. eoui DOC N.S. N.S. 
M. bovis BH1- M. avium BH11 DOC ** ** 
® Non significant difference 
* Significant difference: p^O.05 
** Significant difference; p^O.Ol 
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Table 11; Results of delayed-type hypersensitivity skin test 
response (in nun») at 24 and 48 hours in each of 
four Mvcobacterium avium BMll-sensitized guinea-pigs 
using 7 antigen preparations 
Time Guinea-ptg number 
Antigen Mean ± SD 
M. bovîs 24 314.00 353.25 282.60 320.28 317.50 1 28.96 
PPD 
48 113.04 157.00 122.46 153.07 136.40 ± 21.93 
jj. avium 24 266.90 314.00 254.34 345.40 295.20 1 42.21 
PPD 
48 153.86 186.83 142.87 193.50 169.30 ± 24.70 
24 63.58 63.58 56.52 63.58 61.81 t 3.53 
NAD® 
48 33.16 28.26 28.26 33.16 30.71 ± 2.82 
24 253.55 274.75 261.01 282.60 268.00 t 13.12 
MFD^ 
48 122.46 120.89 117.75 153.07 128.5 ± 16.47 
24 56.52 78.50 86.35 78.50 74.97 t 12.84 
RED® 
48 43.96 28.26 38.46 38.46 37.28 ± 6.55 
24 131.88 178.50 38.46 122.46 141.40 t 25.22 
MBD* 
48 86.35 94.02 78.50 77.71 84.14 ± 7.65 
24 153.86 188.40 120.89 172.62 159.90 1 29.72 
HAD® 
48 78.50 103.62 70.65 94.98 86.94 t 15.05 
24 NRO NR NR NR -
PBSS' 
48 NR NR NR NR -
® Nocardia asteroides DOC extract 
^ Mvcobacterium fortuitum DOC extract 
Rhodococcus eaui DOC extract 
^ Mvcobacterium bovis DOC extract 
® Mvcobacterium avium DOC extract 
^ Phosphate buffered saline solution 
S No detectable response 
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MBD, RED (p<0.01) or MFD (p<0.05). Similarly, significant 
differences were detected between skin test responses induced 
by M. avium PPD or MFD and those elicited by RED, NAD, MBD or 
MAD antigens (p<0.01). In addition, DTH responses elicited by 
MBD or MAD antigens were significantly greater than responses 
induced by NAD or by RED antigens (p<0.01). At few 
exceptions, skin test responses observed at 48 hours to 
different bacterial antigens in each of four M. avium BMll-
sensitized guinea-pigs were similar to the responses observed 
at 24 hours in that M. avium PPD induced significantly greater 
DTH responses than did other bacterial antigens tested 
including M. bovis PPD or MFD (p<0.01). Likewise, DTH 
responses elicited by M. bovis PPD were significantly greater 
than responses induced by NAD, MAD, MBD antigens or by RED 
(p<0.01). However, no significant difference was detected 
between DTH responses induced by M. bovis PPD and MFD. 
Comparison of differences in responses at 24 and 48 hours 
using F.L.S.D.T between skin test responses to different 
bacterial antigens in M. avium BMll-sensitized guinea-pigs is 
shown in Table 12. 
Comparison of the results of skin test responses at 24 or 
48 hours to different bacterial antigens in each of four 
M. avium D4-sensitized guinea-pigs is shown in Table 13. At 24 
hours responses to M. bovis PPD in each of four guinea-pigs 
ranged from 201 to 282.6 mm^ (m.v.= 241.2); responses to 
M. avium PPD ranged from 197.7 to 266.9 mm' (m.v.= 228.4); 
responses to MAD ranged from 94.98 to 142.9 mm' (m.v.= 123) 
and responses to MFD ranged from 253.5 to 329.7 mm'(m.v.= 
283.2). Skin test responses elicited by MFD were significantly 
greater than DTH responses induced by other bacterial antigens 
tested (p<0.01) including M. bovis PPD (p<0.05) or M. avium 
PPD (p<0.01). Delayed-type hypersensitivity responses to M. 
avium or M. bovis PPD's were significantly greater than DTH 
responses induced by NAD, MAD, MBD or RED antigens (p<0.01). 
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Table 12: Results of the Fisher's Least Significant 
Difference Test for detecting differences 
in skin test responses elicited by seven 
antigens in Mycobacterium avium BMll-
sensitized guinea-pigs 
skin responses comparison 24 hours 48 hours 
M. bovis PPD- M" Wvn PPD N.S." ** 
M. bovJs PPD- N. Bsterotdes DOC ** ** 
M. fortultum DOC- H. bovfs PPD * N.S. 
tJ. bovis PPD- g. egui DOC ** ** 
M. bovfs PPD- M- bovis BH1 DOC ** ** 
H. bovis PPD- H. avium BH11 DOC ** ** 
fl. avium PPD- N. asteroides DOC ** ** 
H. fortuitum DOC- M. avium PPD N.S. ** 
M. avium PPD- £• eaui DOC ** ** 
M. avium PPD- M. bovis BH1 DOC ** ** 
M. aviun PPD- H. avium BH11 DOC ** ** 
M. fortuitum- M. asteroides DOC ** ** 
N. asteroides- R. eaui DOC N.S. N.S. 
M. bovis BM1- N. asteroides DOC ** ** 
M. avium BH11- N. asteroides DOC ** ** 
H. fortuitum- R. eaui DOC ** ** 
M. fortuitum- M. bovis BH1 DOC ** ** 
M. fortuitum- M. aviun BM11 DOC ** ** 
H. bovis BH1- R. eaui DOC ** ** 
M. avium GH11- R. eaui DOC ** 4* 
M. bovis BH1- M. avium BH11 DOC N.S. N.S. 
^ Non significant difference 
* Significant difference: p<0.05 
** Significant difference: p<0.01 
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Table 13: Results of delayed-type hypersensitivity skin test 
responses (in mm^) at 24 and 48 hours in each of 
four Mycobacterium avium D4-sensitized guinea-pigs 
using 7 antigen preparations 
Time Gufnea-pig number 
Antigen Mean ± SD 
(hrs) 
1 2 3 4 • 
g. bovis 24 282.60 254.34 200.96 226.86 241.20 1 35.17 
PPD 
48 197.82 186.83 142.87 188.40 197.00 t 24.56 
H. avium 24 266.90 254.34 197.82 194.68 228.40 1 37.54 
PPD 
48 169.56 175.84 153.07 131.88 157.60 ± 19.64 
24 70.65 50.24 50.24 49.45 55.14 ± 10.34 
NAD" 
48 41.21 28.26 35.32 32.97 34.44 ± 5.38 
24 266.90 329.70 253.55 282.60 283.20 t 33.20 
MFob 
48 127.56 200.96 163.28 186.83 169.70 ± 32.08 
24 56.52 50.24 47.10 50.24 51.02 t 3.95 
RED® 
48 32.97 28.26 28.26 32.97 30.61 1 2.71 
24 70.65 103.62 94.02 103.62 92.98 1 15.56 
MBD* 
48 38.46 49.45 38.46 43.96 42.58 1 5.26 
24 122.46 94.98 131.88 142.87 123.00 ± 20.49 
HAD® 
48 70.65 63.58 77.71 72.22 71.04 ± 5.82 
24 NR® NR NR NR . 
PBSS' 
48 NR NR NR NR • 
® Nocardia asteroides DOC extract 
^ Mvcobacterium fortuitum DOC extract 
° Rhodococcus eaui DOC extract 
^ Mvcobacterium bovis DOC extract 
® Mvcobacterium avium DOC extract 
^ Phosphate buffered saline solution 
8 No detectable response 
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Similarly, significant differences were detected between skin 
test responses induced by MAD (p<0.01) or MBD (p<0.05) and 
those elicited by RED or NAD. 
Skin test responses observed at 48 hours to different 
bacterial antigens in each of four M. avium D4-sensitized 
guinea-pigs were similar to the responses observed at 24 
hours. However, no significant differences were detected 
between DTH responses induced by MFD and the PPD's of M. avium 
or 14. bovis and between response to NAD and MBD antigens. 
Comparison of differences in responses at 24 and 48 hours 
using F.L.S.D.T between skin test responses to different 
bacterial antigens in M. avium D4-sensitized guinea-pigs is 
shown in Table 14. 
Comparison of the results of skin test responses at 24 or 
48 hours to different bacterial antigens in each of four 
M. fortuitum-sensitized guinea-pigs is shown in Table 15. At 
24 hours, responses to M. bovis PPD in each of four guinea-
pigs ranged from 131.9 to 201 mm' (m.v = 165.4); responses to 
M. avium PPD ranged from 78.5 to 113 mm^ (m.v.= 94) and 
responses to MFD ranged from 103.6 to 153.1 mm2 (m.v.= 120.7). 
Skin test responses elicited by M. bovis PPD were 
significantly greater than responses induced by other 
bacterial antigens tested (p<0.01). Similarly, significant 
differences were detected between skin test responses induced 
by MFD antigen and those elicited by M. avium PPD (p<0.05), 
NAD, MBD, MAD antigens, or RED (p<0.01) and between DTH 
responses to M. avium PPD and NAD (p<0.01). 
Skin test responses observed at 48 hours to different 
bacterial antigens in each of four M. fortuitum-sensitized 
guinea-pigs were similar to the responses observed at 24 hours 
as M. bovis PPD induced significantly greater responses than 
other bacterial antigens tested (p<0.01). Likewise, DTH 
responses elicited by MFD were significantly greater than 
responses induced by M. avium PPD, MBD, MAD, NAD antigens or 
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Table 14: Results of the Fisher's Least Significant 
Difference Test for detecting differences 
in skin test responses elicited by seven 
antigens in Mycobacterium avium D4-
sensitized guinea-pigs 
skin responses conparison 24 hours 48 hours 
H. bovis PPD- H. avium PPD N.S." N.S. 
M. bovis PPD- N. usteroldes DOC ** ** 
M. fortuitum DOC- bovis PPD * N.S. 
iJ. bovis PPD- g. equi DOC ** ** 
M. bovis PPD- bovis BM1 DOC ** ** 
M. bovis PPD- tJ. aviun? BH11 DOC ** ** 
M. avium PPD- N. asteroides DOC ** ** 
M. fortuitum DOC- M. avium PPD ** N.S. 
H. avium PPD- g. eaui DOC ** ** 
H. avium PPD- M- bovis BH1 DOC Hr* ** 
g. avium PPD- g. avium BH11 DOC ** ** 
M. fortuitum- N. asteroides DOC ** ** 
N. asteroides- R. eoui DOC N.S. N.S. 
M. bovis BH1- N. asteroides DOC * N.S. 
M. avium BH11- N. asteroides DOC ** ** 
M. fortuitum- R. eaui DOC ** ** 
M. fortuitum- H. bovis BM1 DOC ** ** 
M. fortuitum- H. avium BH11 DOC ** ** 
M. bovis BH1- R. eaui DOC * N.S. 
M. avium BH11- R. eaui DOC ** ** 
H. bovis BH1- H. avium BH11 DOC N.S. * 
® Non significant difference 
* Significant difference; p<0.05 
** Significant difference: p<0.01 
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Table 15: Results of delayed-type hypersensitivity skin test 
responses (in mm') at 24 and 48 hours in each of 
four Mycobacterium fortuitum-sensitized guinea-pigs 
using 7 antigen preparations 
Antigen 
Time 
(hrs) 
Guinea-pig number 
Mean t SD 
1 2 3 4 
H. bovis 24 153.07 200.96 131.88 175.84 165.40 1 29.71 
PPD 
48 107.15 120.89 86.35 113.04 106.90 t 14.78 
M. avium 
PPD 
24 98.12 78.50 86.35 113.04 94.00 ± 15.04 
48 63.58 50.24 54.95 70.65 59.85 ± 9.07 
NAD® 
24 63.58 41.21 51.05 50.24 51.51 ± 9.19 
48 43.96 28.26 32.97 33.16 34.59 ± 6.64 
24 103.62 153.07 122.46 103.62 120.70 ± 24.34 
MFD^ 
48 70.65 98.12 84.78 74.75 82.03 ± 12.27 
24 78.50 56.52 70.65 70.65 69.08 ± 9.15 
RED" 
48 43.96 35.71 38.46 35.71 38.46 1 3.88 
24 78.50 71.71 56.52 86.35 74.77 ± 12.78 
MBD* 
48 43.96 38.46 35.71 53.38 42.88 ± 7.79 
24 63.58 56.72 78.50 77.71 69.12 t 10.75 
HAD® 
48 41.21 38.46 43.96 41.21 41.21 ± 2.24 
PBSS' 
24 NR® NR NR NR -
48 NR NR NR NR -
® Nocardia asteroides DOC extract 
^ Mycobacterium fortuitum DOC extract 
° Rhodococcus eaui DOC extract 
Mycobacterium bovis DOC extract 
® Mycobacterium avium DOC extract 
^ Phosphate buffered saline solution 
S No detectable response 
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REP (p<0.01). However, significant difference were detected 
between DTH responses induced by M. avium PPD and MAD, RED 
(p<0.01) or MBD antigens (p<0.05). 
Comparison of differences in responses at 24 and 48 hours 
using F.L.S.D.T between skin test responses to different 
bacterial antigens in JÎ. fortuitum-sensitized guinea-pigs 
is shown in Table 16. 
Comparison of the results of skin test responses at 24 or 
48 hours to different bacterial antigens in each of four 
N. asteroides-sensitized guinea-pigs is shown in Table 17. 
At 24 hours, responses to M. bovis PPD in each of four guinea-
pigs ranged from 113 to 201 mm' (mean value = 150.1); 
responses to rj. avium PPD ranged from 70.65 to 120 mm^ (m.v.= 
82.42) and responses to NAD ranged from 213.5 to 282.6 
mm*(m.v.= 251.4). Skin test responses elicited by NAD were 
significantly greater than responses induced by other 
bacterial antigens tested (p<0.01). Similarly, significant 
differences were detected between skin test responses induced 
by M. bovis PPD and those elicited by M. avium PPD, MFD, MBD, 
MAD (p<0.01), and between DTH responses to M. avium PPD and 
responses to MAD (p<0.01). In addition, significant 
differences were detected between responses induced by RED 
and M. avium PPD (p<0.05), MBD or MAD antigens (p<0.01). 
Likewise, DTH responses induced by MFD were significantly 
greater than those observed using MBD or MAD antigens 
(p<0.01). 
Skin test responses observed at 48 hours to different 
bacterial antigens in each of four N. asteroides-sensitized 
guinea-pigs were similar to responses observed at 24 hours as 
NAD induced significantly greater DTH responses than other 
bacterial antigens tested (p<0.01). Likewise, responses 
elicited by M. bovis PPD were significantly greater than 
responses induced by M. avium PPD, MBD, MAD, MFD (p<0.01) or 
RED (p<0.05). However, no significant difference was detected 
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Table 16: Results of the Fisher's Least Significant 
Difference Test for detecting differences 
in skin test responses elicited by seven 
antigens in Mycobacterium fortuitum-
sensitized guinea-pigs 
skin responses comparison 24 hours 48 hours 
jj. bovls PPD- g. avium PPO ** ** 
M. bovis PPD- N. esteroides DOC ** ** 
H. bovis PPD- H. fortultum DOC ** ** 
H. bovls PPD- R. eauî DOC ** ** 
H. bovls PPD- M. bovls BH1 DOC •« ** 
H. bovls PPD- jj. avium BH11 DOC ** ** 
M. avium PPD- N. asteroldes DOC #* ** 
M. avium PPD- H. fortultum DOC * ** 
H. avium PPD- g. eoul DOC H.S." ** 
M. avium PPD- JJ. bovls BH1 DOC H.S. * 
H. avium PPD- M. avium BH11 DOC N.S. ** 
H. fortultum- N. asteroldes DOC ** ** 
N. asteroldes- R. eoul DOC N.S. N.S. 
M. bovls BH1- N. asteroldes DOC N.S. N.S, 
H. avium BH11- H. asteroldes DOC N.S. N.S. 
M. fortultum- R. equi DOC «* ** 
H. fortultum- H. bovls BM1 DOC ** ** 
M. fortultum- H. avium BH11 DOC ** ** 
M. bovls BM1- R. eoul DOC N.S. N.S. 
H. avium BH11- g. eoul DOC N.S, N.S. 
H. bovis BM1- M. avium BH11 DOC N.S. N.S. 
® Non significant difference 
* Significant difference: p^O.05 
** Significant difference: p^O.Ol 
88 
Table 17 : Results of delayed-type hypersensitivity skin test 
responses (in mm') at 24 and 48 hours in each of 
four Nocardia asteroides- sensitized guinea-pigs 
using 7 antigen preparations 
Antigen 
Time 
(hrs) 
Guinea-pig number 
Mean ± SD 
1 2 3 4 
tj. bovis 24 200.96 153.86 132.66 113.04 150.1 ± 37.76 
PPD 
48 113.04 103.62 86.35 86.35 97.34 ± 13.26 
M. avium 24 102.05 70.65 70.65 86.35 82.42 t 15.03 
PPD 
48 63.58 56.52 52.98 63.58 59.16 ± 5.29 
24 282.60 282.60 213.52 226.86 251.4 t 36.44 
NAD" 
48 173.48 173.48 132.66 153.86 158.4 t 19.48 
24 113.04 78.50 94.20 86.35 93.02 ± 14.80 
MFD^ 
48 78.50 44.15 63.58 63.58 62.45 1 14.08 
24 122.46 102.05 141.30 113.04 119.7 ± 16.63 
RED® 
48 86.35 77.71 78.50 60.05 75.65 t 11.11 
24 56.71 50.24 56.71 38.46 50.53 t 8.60 
MBD^ 
48 33.16 38.46 43.96 32.97 37.14 ± 5.21 
24 38.46 38.46 44.15 56.71 44.44 ± 8.60 
MAD® 
48 33.16 28.26 27.47 38.46 31.84 ± 5.08 
24 NR8 NR NR NR -
PBSS' 
48 NR NR NR NR -
^ Nocardia asteroides DOC extract 
^ Mycobacterium fortuitum DOC extract 
° Rhodococcus eaui DOC extract 
^ Mycobacterium bovis DOC extract 
® Mycobacterium avium DOC extract 
^ Phosphate buffered saline solution 
S No detectable response 
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between responses induced by RED and M. avium PPD; whereas a 
significant difference was detected between skin test 
responses induced by M. avium PPD and MBD (p<0.05). 
Comparison of differences in responses at 24 and 48 hours 
using Fisher's Least Significant Difference Test (F.L.S.D.T) 
between skin test responses to different bacterial antigens in 
N. asteroides-sensitized guinea-pigs are shown in Table 18. 
Comparison of the results of skin test responses at 24 or 
48 hours to different bacterial antigens in each of four 
E" eaui-sensitized guinea-pigs is shown.in Table 19. At 24 
hours, responses to M. bovis PPD in each of four guinea-pigs 
ranged from 70.65 to 113 mm^ (m.v = 98.81); responses to 
M. avium PPD ranged from 86.35 to 113 mm' (m.v.= 97.63) and 
responses to RED ranged from 77.71 to 94.2 mm» (m.v.= 87.52). 
Skin test responses elicited by M. bovis or M. avium PPD's 
were significantly greater than DTH responses induced by MBD, 
MAD, MFD or NAD (p<0.01). Similarly, significant differences 
were detected between skin test responses induced by RED and 
those elicited by NAD (p<0.05), MBD, MFD or MAD antigens 
(p<0.01). In addition DTH response induced by NAD was 
significantly greater than responses elicited by MBD (p<0.05). 
Skin test responses observed at 48 hours to different 
bacterial antigens in each of four R. eaui-sensitized guinea-
pigs varied from responses observed at 24 hours as M. bovis or 
M. avium PPD's induced significantly greater DTH responses 
than RED (p<0.01); whereas no significant difference was 
detected with MFD. Likewise, DTH responses elicited by MFD 
were significantly greater than responses induced by MAD 
(p<0.01) or NAD (p<0.05); but were not significantly different 
from responses elicited by RED. Skin test responses induced by 
RED were not significantly different from responses elicited 
by MAD, MBD or NAD. In addition, no significant difference was 
detected between DTH responses induced by MBD and NAD 
antigens. 
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Table 18; Results of the Fisher's Least Significant 
Difference Test for detecting differences 
in skin test responses elicited by seven 
antigens in Nocardia asteroides-sensitized 
guinea-pigs 
skin responses comparison 24 hours 48 hours 
g. bovts PPO- H. avium PPD ** ** 
N. asteroides DOC- H. bovis PPD ** ** 
M. bovis PPO- M. fortuitum DOC ** ** 
[J. bovls PPD- g. eoui DOC N.S." * 
M. bovis PPO- H. bovis BH1 DOC ** ** 
H. bovis PPD- H. avium BH11 DOC ** ** 
N. asteroides DOC- H. aviuti] PPD ** ** 
H. fortuitum DOC- H. avium PPD M.S. N.S. 
R. equi DOC- H. avium PPD * N.S. 
ÎJ. avium PPO- JJ. bovis BH1 DOC N.S. * 
[J. avium PPO- JJ. avium BM11 DOC * ** 
N. asteroides -H. fortuitum DOC ** ** 
N. asteroides- R. eoui DOC ** ** 
N. asteroides- M. bovis BM1 DOC ** ** 
N. asteroides- M. avium BM11 DOC ** ** 
H. fortuitum- R. eoui DOC N.S. N.S. 
M. fortuitum- H. bovis BH1 DOC * ** 
M. fortuitum- M. avium BH11 DOC ** ** 
R. equi- H. bovis BH1 DOC ** ** 
R. eoui- H. avium BH11 DOC ** ** 
H. bovis BH1- H. avium BH11 DOC N.S, N.S. 
® Non significant difference 
* Significant difference: p<0.05 
** Significant difference: p<0.01 
91 
Table 19: Results of delayed-type hypersensitivity skin test 
responses (in mm') at 24 and 48 hours in each of 
four Rhodococcus eaui-sensitized guinea-pigs using 
7 antigen preparations 
Antigen 
Time Guinea-pig number 
Mean t SO 
(hrs) 
1 2 3 4 
24 107.93 113.04 70.65 103.62 98.81 t 19.16 
48 63.58 74.57 50.24 61.81 62.55 t 9.96 
24 113.04 86.35 94.20 96.94 97.63 1 11.21 
48 70.84 50.24 56.52 63.58 60.29 ± 8.89 
24 63.58 65.94 74.57 78.50 70.65 t 7.05 
48 38.46 43.94 44.15 50.24 44.20 ± 4.81 
24 70.65 62.80 56.52 62.80 63.19 ± 5.78 
48 56.52 53.38 52.20 53.38 53.87 t 1.85 
24 94.20 86.35 77.71 91.84 87.52 ± 7.32 
48 49.45 43.96 41.21 46.70 45.33 t 3.54 
24 47.10 50.24 50.24 63.58 52.79 ± 7.34 
48 38.46 43.96 43.96 52.98 44.84 1 6.01 
24 43.96 70.65 56.52 56.52 56.91 t 10.91 
48 33.16 43.96 38.46 41.21 39.20 ± 4.60 
24 NR® NR NR NR -
48 NR NR NR NR -
M. bovlB 
PPD 
H. avium 
PPD 
NAD' 
MFD^ 
MBD^ 
PBSS' 
^ Nocardia asteroides DOC extract 
^ Mycobacterium fortuitum DOC extract 
® Rhodococcus eaui DOC extract 
^ Mycobacterium bovis DOC extract 
® Mycobacterium avium DOC extract 
^ Phosphate buffered saline solution 
6 No detectable response 
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Comparison of differences in responses at 24 and 48 hours 
using F.L.S.D.T between skin test responses to different 
bacterial antigens in R. eaui-sensitized guinea-pigs is shown 
in Table 20. 
Results of Enzyme-Linked Immunosorbent Assay in 
Sensitized Calves 
The results of ELISA (mean values) conducted using 
M. bovis PPD, prior to and 4-weeks after sensitization with 
each of five bacterial preparations are shown in Table 21. 
The ELISA values on sera obtained before sensitization 
with M. bovis ANS using homologous PPD ranged from 0.044 to 
0.330 (mean value=0.187) at a serum dilution of 1:80, 0.039 to 
0.208 (m.v.=0.118) at a dilution of 1:160, 0.050 to 0.139 
(m.v.=0.087) at a dilution of 1:320 and from 0.039 to 0.100 
(m.v.=0.0612) at a dilution of 1:640. Four weeks after 
sensitization with M. bovis AN5, ELISA values ranged from 
0.904 to 1.706 (m.v.=1.359) at a serum dilution of 1:80, 0.797 
(m.v.=0.994) at a dilution of 1:320 and from 0.375 to 1.073 
(m.v.=0.750) at a dilution of 1:640. Significant differences 
were detected between ELISA mean values for calves before and 
after sensitization with M. bovis AN5 at serum dilutions of 
1:80, 1:160, 1:320 and at 1:640 (p<0.01) and at 1:640 
(p<0.01). 
The ELISA values on sera obtained before calves were 
sensitized with M. avium D4 using M. bovis PPD antigen ranged 
from 0.214 to 0.443 (m.v.=0.307), 0.078 to 0.299 (m.v.=0.157), 
0.042 to 0.158 (m.v.=0.091) and from 0.031 to 0.124 
(m.v.=0.074) at serum dilutions of 1:80, 1:160, 1:320 and at 
1:640, respectively. Four weeks after sensitization with 
M. avium D4, ELISA values ranged from 0.927 to 1.265 
(m.v.=1.103) at a serum dilution of 1:80, 0.540 to 0.935 
(m.v.=0.731) at a dilution of 1:160, 0.339 to 0.719 
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Table 20: Results of the Fisher's Least Significant 
Difference Test for detecting differences 
in skin test responses elicited by seven 
antigens in Rhodococcus eaui-sensitized 
guinea-pigs 
Skin responses comparison 24 hours 48 hours 
ij. bovts PPD- H- avium PPD N.S." N.S. 
M. bovis PPD- N. astéroïdes DOC ** ** 
M. bovis PPD- M. fortultum DOC ** N.S. 
H. bovis PPD- R. equi DOC N.S. ** 
H. bovis PPD- M- bovis BH1 DOC ** ** 
tJ. bovis PPD- H. avium BH11 DOC ** ** 
H. avium PPD- N. asteroldes DOC ** ** 
M. avium PPD- M. fortuitum DOC ** N.S. 
JJ. avitin PPD- R. equi DOC N.S. ** 
Ij. avium PPD- JJ. bovis BH1 DOC ** ** 
JJ. avium PPD- g. avium BH11 DOC ** ** 
N. asteroldes- H. fortuitum DOC N.S. * 
R. eoui- N. asteroldes DOC * N.S. 
N. asteroldes- H. bovis BM1 DOC * N.S. 
M. avium BM11- N. asteroldes DOC N.S. N.S. 
R. eoui- H. fortuitun DOC ** N.S. 
H. fortuitun- M. bovis BH1 DOC N.S. N.S, 
H. fortuitun- H. avium BH11 DOC N.S. ** 
g. equi- H. bovis BM1 DOC ** N.S, 
R. equi- H. avium BH11 DOC ** N.S, 
M. bovis BH1- H. avium BM11 DOC N.S, N.S, 
^ Non significant difference 
* Significant difference: p^O.05 
** Significant difference: p<0.01 
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Table 21: Results of enzyme-linked immunosorbent assays using 
PPD of Mycobacterium bovis (antigen) on sera of 
calves before and 4-weeks after injection with each 
of five sensitinogens 
Serum 
dllut Ion weeks 
(J. Bovis ANS-
sensitized 
calves 
M. avium 04-
sensitized 
calves 
M. fortuiturn-
sensitized 
calves 
N. asteroides-
sensitized 
calves 
R.equi-
sensitized 
calves 
1:80 0 0.187t0.128" 0.30710.108 0.17010.051 0.20710.071 0.25610.099 
4 1.359±0.360** 1.10310.185** 0.77810.230* 0.48010.200* 0.61710.328'' 
1:160 0 0.11810.074 0.15710.102 0.07510.056 0.10110.053 0.17710.110 
4 1.147±0.350** 0.73110.161** 0.53010.227* 0.29610,120* 0.39110.320'' 
1:320 0 0.08710.043 0.09110.051 0.05310.028 0.06810.030 0.14210.087 
4 0.99410.425** 0.53810.160** 0.32910.189'' 0.16210.060'' 0.18910.152'' 
1:640 0 0.06110.028 0.07410.038 0.03810.024 0.05810.034 0.07110.058 
4 0.75010.327** 0.31310.135* 0.22410.209'' 0.12210.037*' 0.11110.077'' 
® Mean absorbance value at 405 nm ± standard deviation 
^ No significant difference 
* Significant difference (p<0.05) 
** Significant difference (p<0.01) 
(m.v.=0.538) at a dilution of 1:320 and from 0.178 to 0.494 
(m.v.=0.313) at a serum dilution of 1:640. Significant 
to 1.500 (m.v.=1.147) at a dilution of 1:160, 0.506 to 1.406 
differences were detected between ELISA mean values for calves 
before and after sensitization with M. avium D4 at serum 
dilutions of 1:80, 1:160, 1:320 (p<0.01) and at 1:640 
(p<0.05). 
The ELISA values on sera obtained before calves were 
sensitized with M. fortuiturn using M. bovis PPD antigen ranged 
from 0.121 to 0.232 (m.v.=0.170), 0.030 to 0.154 (m.v.=0.075), 
0.022 to 0.088 (m.v.=0.053) and from 0.036 to 0.064 
(m.v.=0.038) at serum dilutions of 1:80, 1:160, 1:320 and at 
1:640, respectively. Four weeks after sensitization with 
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M. fortuitum. ELISA values ranged from 0.497 to 1.070 
(m.V.=0.778) at a serum dilution of 1:80, 0.223 to 0.758 
(m.V.=0.530) at a dilution of 1:160, 0.128 to 0.586 
(m.v.=0.329) at a dilution of 1:320 and from 0.127 to 0.519 
(m.v.=0.224) at a serum dilution of 1:640. The ELISA mean 
values obtained for sensitized calves was significantly higher 
at serum dilutions 1:80 or 1:160 (p<0.05) than the values 
obtained before sensitization with M. fortuitum. However, no 
significant differences were detected between ELISA values 
obtained prior to and 4-weeks after sensitization with 
M. fortuitum at serum dilutions of 1:320 or 1:640 (p>0.072). 
The ELISA values on sera obtained before calves were 
sensitized with N. asteroides using M. bovis PPD antigen 
ranged from 0.152 to 0.312 (m.v.=0.207), 0.069 to 0.182 
(m.v.=0.101), 0.034 to 0.120 (m.v.=0.069) and from 0.020 to 
0.088 (m.v.=0.058) at serum dilutions of 1:80, 1:160, 1:320 
and at 1:640, respectively. Four weeks after sensitization 
with N. asteroides. ELISA values ranged from 0.264 to 0.729 
(m.v.=0.480) at a serum dilution of 1:80, 0.147 to 0.454 
(m.v.=0.296) at a dilution of 1:160, 0.063 to 0.338 
(m.v.=0.162) at a dilution of 1:320 and from 0.270 to 0.175 
(m.v.=0.122) at a dilution of 1:640. The ELISA mean values 
obtained for sensitized calves was significantly higher at 
serum dilutions of 1:80 or 1:160 (p<0.05) than the values 
obtained before sensitization with ÎL. asteroides. However, no 
significant differences were detected between ELISA values 
obtained prior to and 4-weeks after sensitization with 
N. asteroides at serum dilutions of 1:320 or 1:640 (p>0.089). 
The ELISA values on sera obtained before calves were 
sensitized with R. eaui using M. bovis PPD antigen ranged from 
0.146 to 0.386 (m.v.=0.256), 0.109 to 0.353 (m.V.=0.177), 
0.086 to 0.273 (m.v.=0.142) and from 0.024 to 0.154 
(m.v.=0.071) at serum dilutions of 1:80, 1:160, 1:320 and at 
1:640, respectively. Four weeks after sensitization with 
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E. eaul. ELISA values ranged from 0.315 to 1.059 (m.v.=0.617) 
at a serum dilution of 1:80, 0.171 to 0.870 (m.v.=0.391) at a 
dilution of 1:160, 0.099 to 0.418 (m.v.=0.189) at a dilution 
of 1:320 and 0.056 to 0.226 (m.v.=0.111) at a serum dilution 
of 1:640. Significant differences were not detected between 
ELISA mean values for calves before and after sensitization 
with B« eaui at serum dilutions of 1:80, 1:160, 1:320 and at 
1:640 (p>0.053). 
The results of ELISA (mean values) conducted using MBD 
and sera obtained from calves, prior to and 4-weeks after 
sensitization with each of five bacterial preparations are 
shown in Table 22. 
The ELISA values on sera obtained before calves were 
sensitized with M. bovis ANS using MBD ranged from 0.246 to 
0.353 (mean value=0.306), 0.120 to 0.229 (m.v.=0.160), 0.073 
to 0.171 (m.v.=0.101) and from 0.046 to 0.145 (m.v.=0.076) at 
serum dilutions of 1:80, 1:160, 1:320, and at 1:640, 
respectively. Four weeks after sensitization with M. bovis 
AN5, ELISA values ranged from 1.450 to 1.949 (m.v.=1.743) at a 
serum dilution of 1:80, 1.179 to 1.754 (m.v.=1.465) at 1:160, 
0.896 to 1.376 (m.v.=1.167) at 1:320 and from 0.543 to 0.923 
(m.v.=0.797) at a dilution of 1:640. Significant differences 
were detected between ELISA mean values for calves before and 
after sensitization with M. bovis AN5 at serum dilutions of 
1:80, 1:160, 1:320 and at 1:640 (p<0.01). 
The ELISA values on sera obtained before calves were 
sensitized with M. avium D4 using MBD ranged from 0.181 to 
0.423 (m.v.=0.329), 0.088 to 0.338 (m.V.=0.198), 0.064 to 
0.144 (m.v.=0.114) and from 0.040 to 0.142 (m.v.=0.079) at 
serum dilutions of 1:80, 1:160, 1:320 and at 1:640, 
respectively. Poor weeks after sensitization with M. avium 
D4, ELISA values ranged from 1.243 to 1.405 (m.v.=1.321) at a 
serum dilution of 1:80, 0.910 to 1.044 (m.v.=0.969) at a 
dilution of 1:160, 0.713 to 0.945 (m.v.=0.795) at a dilution 
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of 1:320 and from 0.533 to 0.684 (m.v.=0.586) at a dilution of 
1:640. Significant differences were detected between ELISA 
mean values for calves before and after sensitization with 
M. avium D4 at serum dilutions of 1:80, 1:160, 1:320 and at 
1:640 (p<0.01). 
Table 22: Results of enzyme-linked immunosorbent assays using 
deoxycholate extract of Mycobacterium bovis BMl 
(antigen) on sera of calves before and 4-weeks 
after injection with each of five sensitinogens 
Serum 
dilution weeks 
jJ. Bovis AN5-
sensitized 
calves 
M. avium 04-
sensitized 
calves 
M. fortuiturn-
sensitized 
calves 
N. asteroides-
sensitized 
calves 
R. equi-
sensitized 
calves 
1:80 0 0.30610.045* 0.32910.104 0.29710.099 0.39110.200 0.16510.020 
4 1.743±0.220*« 1.32110.073** 1.25210.451* 1.27510.232** 0.38910.172*' 
1:160 0 0.16010.038 0.19810.107 0.17410.071 0.21410.106 0.08410.025 
4 1.465±0.236** 0.96910.056** 1.06110.474* 0.86210.222** 0.20610.072* 
1:320 0 0.101±0.046 0.11410.035 0.11410.042 0.12410.054 0.06810.049 
4 1.16710.248** 0.79510.103** 0.77710.588'' 0.64210.260* 0.12910.063* 
1:640 0 0.07610.046 0.07910.044 0.07610.024 0.10510.043 0.04210.030 
4 0.79710.234** 0.58610.070** 0.59710.515*' 0.35710.150* 0.07410.052*' 
® Mean absorbance value at 405 nm ± standard deviation 
^ No significant difference 
* Significant difference (p<0.05) 
** Significant difference (p<0.01) 
The ELISA values on sera obtained before calves were 
sensitized with M. fortuitum using MBD ranged from 0.204 to 
0.438 (m.v.=0.297), 0.073 to 0.238 (m.v.=0.174), 0.059 to 
0.161 (m.v.=0.114) and from 0.051 to 0.110 (m.v.=0.076) at 
serum dilutions of 1:80, 1:160, 1:320 and at 1:640, 
respectively. Four weeks after sensitization with 
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ÎJ. fortuituin. ELISA values ranged from 0.872 to 1.891 
(m.V.=1.252) at a serum dilution of 1:80, 0.561 to 1.614 
(m.V.=1.061) at a dilution of 1:160, 0.344 to 1.598 
(m.v.=0.777) at a dilution of 1:320 and from 0.181 to 1.319 
(m.v.=0.597) at a dilution of 1:640. The ELISA mean values 
obtained for sensitized calves was significantly higher at the 
serum dilutions 1:80 or 1:160 (p<0.05) than the values 
obtained before sensitization with M. fortultum. However, no 
significant differences were detected between ELISA values 
obtained prior to and 4 weeks after sensitization with 
M. fortuitum at serum dilutions of 1:320 or 1:640 (p>0.1). 
The ELISA values on sera obtained before calves were 
sensitized with N. asteroides using MBD ranged from 0.134 to 
0.519 (m.v.=0.391), 0.096 to 0.377 (m.V.=0.214), 0.089 to 
0.273 (m.v.=0.124) and from 0.027 to 0.186 (m.v.=0.105) at 
serum dilutions of 1:80, 1:160, 1:320 and at 1:640, 
respectively. Four weeks after sensitization with Nocardia 
asteroides. ELISA values ranged from 0.909 to 1.539 
(m.v.=1.275) at a serum dilution of 1:80, 0.484 to 1.223 
(m.v.=0.862) at a dilution of 1:160, 0.250 to 0.997 
(m.v.=0.642) at a dilution of 1:320 and from 0.117 to 0.529 
(m.v.=0.357) at a dilution of 1:640. The ELISA mean values 
obtained for sensitized calves was significantly higher at 
serum dilutions of 1:80 or 1:160 (p<0.01) and at dilutions of 
1:320 or 1:640 (p<0.05) than the values obtained before 
sensitization with N. asteroides. 
The ELISA values on sera obtained before calves were 
sensitized with g. eaui using MBD ranged from 0.144 to 0.188 
(m.v.=0.165), 0.066 to 0.120 (m.v.=0.084), 0.031 to 0.100 
(m.v.=0.068) and from 0.032 to 0.088 (m.v.=0.042) at serum 
dilutions of 1:80, 1:160, 1:320 and at 1:640, respectively. 
Four weeks after sensitization with R. eaui. ELISA values 
ranged from 0.217 to 0.622 (m.v.=0.389) at a serum dilution of 
1:80, 0.108 to 0.267 (m.v.=0.206) at a dilution of 1:160, 
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0.067 to 0.184 (m.V.=0.129) at a dilution of 1:320 and from 
0.032 to 0.122 (m.v.=0.074) at a dilution of 1:640. 
Significant differences were not detected between ELISA mean 
values for calves before and after sensitization with g. equi 
at serum dilutions of 1:80 or 1:640 (p>0.072). However, 
Significant differences were detected at serum dilutions of 
1:160 or 1:320 (p<0.05). 
The results of ELISA (mean values) conducted using MAD 
and sera obtained from calves prior to and 4 weeks after 
sensitization with each of five bacterial preparations are 
shown in Table 23. The ELISA values on sera obtained before 
calves were sensitized with M. avium D4 using MAD ranged from 
0.209 to 0.313 (mean value= 0.266), 0.094 to 0.222 
(m.v.=0.144), 0.048 to 0.131 (m.v.= 0.084) and from 0.022 to 
0.073 (m.v.=0.049) at serum dilutions of 1:80, 1:160, 1:320 
and 1:640, respectively. Four weeks after sensitization with 
M. avium D4, ELISA values ranged from 1.326 to 1.835 
(m.v.=1.630) at a serum dilution of 1:80, 1.065 to 1.544 
(m.v.=1.389) at a dilution of 1:160, 1.045 to 1.321 
(m.v.=1.155) at adilution of 1:320 and from 0.787 to 1.007 
(m.v.=0.895) at a dilution of 1:640. Significant differences 
were detected between ELISA mean values for calves before and 
after sensitization with M. avium D4 at serum dilution of 
1:80, 1:160, 1:320 and at 1:640 (p<0.01). 
The ELISA values on sera obtained before calves were 
sensitized with M. bovis AN5 using MAD ranged from 0.146 to 
0.225 (m.v.=0.201), 0.079 to 0.159 (m.v.=0.118), 0.049 to 
0.132 (m.v.=0.092) and from 0.031 to 0.120 (m.v=0.070) at 
serum dilutions of 1:80, 1:160, 1:320 and at 1:640, 
respectively. Four weeks after sensitization with M. bovis 
AN5, ELISA values ranged from 0.941 to 1.344 (m.v.=1.154) at a 
serum dilution of 1:80, 0.640 to 1.238 (m.v.=0.941) at a 
dilution of 1:160, 0.396 to 1.236 (m.v.=0.792) at a dilution 
of 1:320 and from 0.242 to 0.821 (m.v.=0.521) at a dilution of 
100 
Table 23: Results of enzyme-linked immunosorbent assays using 
deoxycholate extract of Mycobacterium avium BMll 
(antigen) on sera of 4 calves before and 4-weeks 
after injection with each of five sensitinogens 
Serum 
dilution weeks 
H. Bovis AN5-
sensitized 
calves 
M. avium D4-
sensitized 
calves 
H. fortuiturn-
sensitized 
calves 
N. asteroides-
sensitized 
calves 
g. equi-
sensitized 
calves 
1:80 0 0.201±0.047" 0.266*0.042 0.282*0.052 0.348*0.047 0.255*0.093 
4 1.154±0.166** 1.630*0.221** 1.341*0.441* 0.836*0.181** 0.440*0.142*' 
1:160 0 0.118*0.034 0.144*0.055 0.193*0.036 0.232*0.072 0.132*0,034 
4 0.941*0.279** 1.389*0.222** 0.936*0.371'" 0.676*0.293* 0.267*0.155*' . 
1:320 0 0.09210.038 0.084*0.034 0.121*0.064 0.140*0.028 0.093*0.052 
4 0.792t0.380** 1.155*0.117** 0.684*0,504*' 0.403*0.195*' 0.159*0.060*' 
1:640 0 0.070*0.044 0.049*0.023 0.059*0.015 0.087*0.041 0.096*0.069 
4 0.521*0.276* 0,895*0.101** 0.521*0.428'" 0.285*0.210*' 0.137*0,038*' 
^ Mean absorbance value at 405 nm ± standard deviation 
^ No significant difference 
* Significant difference (p<0.05) 
** Significant difference (p<0.01) 
1:640. Significant differences were detected between ELISA 
mean values for calves before and after sensitization with M. 
bovis AN5 at serum dilutions of 1:80 or 1:160 (p<0.01) and at 
dilutions of 1:320 or 1:640 (p<0.05). 
The ELISA values on sera obtained before calves were 
sensitized with M. fortuitum using MAD ranged from 0.234 to 
0.355 (m.v=0.282), 0.143 to 0.229 (m.V=0.193), 0.073 to 0.208 
(m.v=0.121) and from 0.024 to 0.146 (m.v=0.059) at serum 
dilutions of 1:80, 1:160, 1:320 and at 1:640, respectively. 
Four weeks after sensitization with M. fortuitum. ELISA values 
ranged from 0.879 to 1.936 (m.v=1.341) at a serum dilution of 
1:80, 0.489 to 1.682 (m.v=0.936) at a dilution of 1:160, 0.212 
to 1.320 (m.v=0.684) at a dilution of 1:320 and from 0.134 to 
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1.074 (in.v=0.521) at a dilution of 1:640. The ELISA mean 
values obtained for sensitized calves was significantly higher 
at a serum dilution of 1:80 as compared to values obtained 
before sensitization with H. fortuiturn (p<0.02); no 
significant differences were detected between ELISA values 
obtained prior to and 4-weeks after sensitization with 
M. fortuitum at serum dilutions of 1:160, 1:320 or 1:640 
(p>0.06). 
The ELISA values on sera obtained before calves were 
sensitized with N. asteroides using MAD.ranged from 0.288 to 
0.397 (m.V.=0.348), 0.161 to 0.298 (m.v.=0.232), 0.099 to 
0.164 (m.v.=0.140) and from 0.033 to 0.133 (m.v.=0.087) at 
serum dilutions of 1:80, 1:160, 1:320 and at 1:640, 
respectively. Four weeks after sensitization with 
N. asteroides. ELISA values ranged from 0.657 to 0.917 
(m.v.=0.748) at a serum dilution of 1:80, from 0.320 to 0.900 
(m.v.=0.518) at a dilution of 1:160, 0.235 to 0.586 
(m.v.=0.374) at a dilution of 1:320 and from 0.118 to 0.446 
(m.v.=0.239) at a dilution of 1:640. The ELISA mean values 
obtained for sensitized calves was significantly higher at a 
serum dilution of 1:80 (p<0.01) or at 1:160 (p<0.05) than the 
values obtained before sensitization with N. asteroides. 
However, no significant differences were detected between 
ELISA values obtained prior to and 4-weeks after sensitization 
with N. asteroides at the serum dilutions 1:320 or 1:640 
(p>0.069). 
The ELISA values on sera obtained before calves were 
sensitized with R. eaui using MAD ranged from 0.132 to 0.358 
(m.v.=0.255), 0.095 to 0.172 (m.v.=0.132), 0.038 to 0.141 
(m.v.=0.093) and from 0.035 to 0.173 (m.v.=0.096) at serum 
dilutions of 1:80, 1:160, 1:320 and at 1:640, respectively. 
Four weeks after sensitization with B« eaui. ELISA values 
ranged from 0.267 to 0.559 (m.v.=0.440) at a serum dilution of 
1:80, 0.121 to 0.451 (m.v.=0.267) at a dilution of 1:160, 
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0.094 to 0.214 (m.V.=0.159) at a dilution of 1:320 and from 
0.098 to 0.191 (m.v.=0.137) at a dilution of 1:640. 
Significant differences were not detected between ELISA mean 
values for calves before and after sensitization with R. eaui 
at serum dilutions of 1:80, 1:160, 1:320 and at 1:640 
(p>0.16). 
The ELISA results using MFD (mean values) conducted on 
sera from calves before and 4-weeks after sensitization with 
each of five bacterial preparations are shown in Table 24. 
The ELISA values on sera obtained before calves were 
sensitized with M. fortuitum using homologous antigen ranged 
from 0.357 to 0.589 (m.V.=0.468), 0.205 to 0.390 (m.V.=0.272), 
0.151 to 0.218 (m.V.=0.180) and from 0.103 to 0.138 
(m.V.=0.120) at serum dilutions of 1:80, 1:160, 1:320 and at 
1:640, respectively. Four weeks after sensitization with 
M. fortuitum. ELISA values ranged from 0.838 to 1.581 
(m.V.=1.147) at a serum dilution of 1:80, 0.449 to 1.348 
(m.V.=0.898) at a dilution of 1:160, 0.236 to 1.293 
(m.V.=0.774) at a dilution of 1:320 and from 0.140 to 1.052 
(m.V.=0.499) at a dilution of 1:640. The ELISA mean values 
obtained for sensitized calves was significantly higher at 
serum dilutions of 1:80 or 1:160 (p<0.05) than the values 
obtained before calves were sensitized with M. fortuitum. 
However, no significant differences were detected between 
ELISA values prior to and four weeks after sensitization with 
M. fortuitum at serum dilutions of 1:320 or 1:640 (p>0.075). 
The ELISA values on sera obtained before calves were 
sensitized with M. bovis AN5 using MFD ranged from 0.409 to 
0.603 (m.V.=0.478), 0.204 to 0.272 (m.v.=0.236), 0.117 to 
0.163 (m.V.=0.147) and from 0.043 to 0.142 (m.v.=0.095) at 
serum dilutions of 1:80, 1:160, 1:320 and at 1:640, 
respectively. Four weeks after sensitization with M. bovis 
AN5, ELISA values ranged from 0.937 to 1.059 (m.v.=1.012) at 
a serum dilution of 1:80,0.581 to 0.984 (m.v.=0.768) at a 
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Table 24: Results of enzyme-linked immunosorbent assays using 
deoxycholate extract of Mycobacterium fortuitum 
(antigen) on sera of 4 calves before and 4-weeks 
after injection with each of five sensitinogens 
Serum 
dilution weeks 
M. Bovis ANS-
sensitized 
calves 
M. avium De­
sensitized 
calves 
M. fortuiturn-
sensitized 
calves 
N. asteroides-
sensitized 
calves 
R. egyi-
sensitized 
calves 
1:80 0 0.478*0.086" 0.313*0.060 0.468*0.096 0.367*0.083 0.313*0.038 
4 1.012*0.052** 1.024*0.069** 1.147*0.341* 0.890*0.333* 0.542*0.154*' 
1:160 0 0.236*0.028 0.162*0.027 0.272*0.081 0.200*0.045 0.200*0.029 
4 0.768*0.177»* 0.746*0.117** 0.898*0.386* 0.573*0.239* 0.336*0.105*' , 
1:320 0 0.147*0.020 0.124*0.042 0.180*0.033 0.120*0.033 0.151*0.046 
4 0.520*0.188* 0.461*0.097** 0.774*0.448^ 0.304*0.130* 0.192*0.065*' 
1:640 0 0.095*0.052 0.083*0.037 0.120*0.016 0.093*0.031 0.105*0.045 
4 0.331*0.134* 0.346*0.034** 0.499*0.389*' 0.195*0.071* 0.120*0.029*' 
® Mean absorbance value at 405 nm ± standard deviation 
^ No significant difference 
* Significant difference (p<0.05) 
** Significant difference (p<0.0l) 
dilution of 1:160, 0.336 to 0.697 (m.v.=0.520) at a dilution 
of 1:320 and from 0.203 to 0.470 (m.v.=0.331) at a serum 
dilution of 1:640. Significant differences were detected 
between ELISA mean values for calves before and after 
sensitization with rj. bovis AN5 at serum dilutions of 1:80 or 
1:160, (p<0.01) and at dilutions of 1:320 and 1:640 (p<0.05). 
The ELISA values on sera obtained before calves were 
sensitized with M. avium D4 using MFD ranged from 0.244 to 
0.374 (m.v.=0.313), 0.132 to 0.192 (m.V.=0.162), 0.062 to 
0.153 (m.v.=0.124) and from 0.036 to 0.126 (m.v.=0.083) at 
serum dilutions of 1:80, 1:160, 1:320 and at 1:640, 
respectively. Four weeks after sensitization with M. avium D4, 
ELISA values ranged from 0.956 to 1.121 (m.v.=1.024) at a 
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dilution of 1:80, 0.613 to 0.893 (m.v.=0.746) at a dilution of 
1:160, 0.321 to 0.543 (m.v.=0.461) at a dilution of 1:320 and 
from 0.299 to 0.373 (m.v.=0.346) at a serum dilution of 1:640. 
Significant differences were detected between ELISA mean 
values for calves before and after sensitization with fj. avium 
D4 at serum dilutions of 1:80, 1:160, 1:320 and at 1:640 
(p<0.01). 
The ELISA values on sera obtained before calves were 
sensitized with H» asteroides using MFD ranged from 0.292 to 
0.465 (m.v.=0.367), 0.146 to 0.254 (m.V.=0.200), 0.074 to 
0.146 (m.v.=0.120) and from 0.055 to 0.124 (m.v.=0.093) at 
serum dilutions of 1:80, 1:160, 1:320 and at 1:640, 
respectively. Four weeks after sensitization with 
N. asteroides. ELISA values ranged from 0.465 to 1.190 
(m.v.=0.890) at a serum dilution of 1:80, 0.278 to 0.806 
(m.v.=0.573) at a dilution of 1:160, 0.146 to 0.438 
(m.v.=0.304) at a dilution of 1:320 and from 0.106 to 0.272 
(m.v.=0.195) at a dilution of 1:640. The ELISA mean values 
obtained for sensitized calves was significantly higher at 
serum dilutions of 1:80, 1:160,1:320 and at 1:640 (p<0.05) 
than the values obtained before sensitization with Nocardia 
asteroides. 
The ELISA values on sera obtained before calves were 
sensitized with R. eaui using MFD ranged from 0.263 to 0.351 
(m.v.=0.313), 0.162 to 0.232 (m.v.=0.200), 0.100 to 0.192 
(m.v.=0.151) and from 0.073 to 0.145 (m.v.=0.105) at serum 
dilutions of 1:80, 1:160, 1:320 and at 1:640, respectively. 
Four weeks after sensitization with £. eaui. ELISA values 
ranged from 0.447 to 0.773 (m.v.=0.542) at a serum dilution of 
1:80, 0.270 to 0.494 (m.v.=0.336) at a dilution of 1:160, 
0.146 to 0.289 (m.v.=0.192) at a dilution of 1:320 and from 
0.092 to 0.156 (m.v.=0.120) at a dilution of 1:640. 
Significant differences were not detected between ELISA mean 
values for calves before and after injection of R. eaui 
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sensitinogen at serum dilutions of 1:80, 1:160, 1:320 and at 
1:640 (p>0.09). 
ELISA results (mean values) conducted on sera from calves 
before and four weeks after sensitization with each of five 
bacterial preparations using NAD are shown in Table 25. 
The ELISA values on sera obtained before calves were 
sensitized with H. asteroides using homologous antigen ranged 
from 0.324 to 0.583 (m.V.=0.444), 0.145 to 0.284 (m.v.=0.203), 
0.102 to 0.174 (m.v.=0.129) and from 0.088 to 0.143 
(m.v.=0.107) at serum dilutions of 1:80, 1:160, 1:320 and at 
1:640, respectively. Four weeks after sensitization with 
H. asteroides. ELISA values ranged from 1.701 to 2.00 
(m.v.=1.915) at a serum dilution of 1:80, 1.047 to 1.881 
(m.v.=1.497) at a dilution of 1:160, 0.869 to 1.565 
(m.v.=1.145) at a dilution of 1:320 and from 0.523 to 1.221 
(m.v.=0.719) at a dilution of 1:640. The ELISA mean values 
obtained for sensitized calves was significantly higher at 
serum dilutions of 1:80, 1:160, 1:320 (p<0.01) and at 1:640 
(p<0.05) than the values obtained before sensitization with 
N. asteroides. 
The ELISA values on sera obtained before calves were 
sensitized with M. bovis AN5 using NAD ranged from 0.338 to 
0.555 (m.v.=0.448), 0.120 to 0.454 (m.v.=0.268), 0.085 to 
0.219 (m.v.=0.137) and from 0.049 to 0.101 (m.v.=0.077) at 
serum dilutions of 1:80, 1:160, 1:320 and at 1:640, 
respectively. Four weeks after sensitization with M. bovis AN5 
ELISA values ranged from 1.044 to 1.979 (m.v.=1.416) at a 
serum dilution of 1:80, 0.610 to 1.936 (m.v.=1.186) at a 
dilution of 1:160, 0.379 to 1.463 (m.v.=0.810) at a dilution 
of 1:320 and from 0.272 to 0.870 (m.v.=0.532) at a dilution of 
1:640. Significant differences were detected between ELISA 
mean values for calves before and after sensitization with 
M. bovis AN5 at serum dilutions of 1:80, 1:160, 1:320 and at 
1:640 (p<0.05). 
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Table 25: Results of enzyme-linked Immunosorbent assays using 
deoxycholate extract of Nocardia asteroides 
(antigen) on sera of calves before and 4-weeks 
after injection with each of five sensitinogens 
Serum 
dilution weeks 
H. Bovis ANS-
sensitized 
calves 
H. avium 04-
sensitized 
calves 
H. fortuiturn-
sensitized 
calves 
N. asteroides-
sensitized 
calves 
£. equi-
sensitized 
calves 
1:80 0 0.44810.092" 0.482*0.039 0.363*0.093 0.444*0.124 0.321*0.208 
4 1.416±0.406* 1.814*0.030** 1.355*0.111** 1.915*0.144** 0.775*0.460'' 
1:160 0 0.268*0.139 0.264*0.088 0.163*0.049 0.203*0.058 0.124*0.091 
4 1.186*0.571* 1.348*0.068** 1.054*0.185** 1.497*0.344** 0.404*0.272^' . 
1:320 0 0.137*0.058 0.136*0.053 0.118*0.042 0.129*0.033 0.073*0.051 
4 0.810*0.460* 0.866*0.074** 0.706*0.057** 1.145*0.296** 0.185*0.110'' 
1:640 0 0.077*0.021 0.074*0.023 0.086*0.054 0.107*0.025 0.047*0.031 
4 0.532*0.249* 0.532*0.082** 0.390*0.051** 0.719*0.344* 0.109*0.066'' 
® Mean absorbance value at 405 nm ± standard deviation 
^ No significant difference 
* Significant difference (p<0.05) 
** Significant difference (p<0.01) 
The ELISA values on sera obtained before calves were 
sensitized with M. avium D4 using NAD ranged from 0.444 to 
0.517 (m.V.=0.482), 0.164 to 0.354 (m.V.=0.264), 0.075 to 
0.189 (m.V.=0.136) and from 0.043 to 0.099 (m.v.=0.074) at 
serum dilutions of 1:80, 1:160, 1:320 and at 1:640, 
respectively. Four weeks after sensitization with M. avium D4, 
ELISA values ranged from 1.777 to 1.851 (m.v.=1.814) at a 
serum dilution of 1:80, 1.274 to 1.431 (m.v.=1.348) at a 
dilution of 1:160, 0.811 to 0.969 (m.v.=0.866) at a dilution 
of 1:320 and from 0.426 to 0.617 (m.v.=0.532) at a dilution of 
1:640. Significant differences were detected between ELISA 
mean values for calves before and after sensitization with 
M. avium D4 at serum dilutions of 1:80, 1:160, 1:320 and at 
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1:640 (p<0.01). 
The ELISA values on sera obtained before calves were 
sensitized with fortuitum using NAD ranged from 0.271 to 
0.486 (m.V.=0.363), 0.117 to 0.225 (m.V.=0.163), 0.085 to 
0.177 (m.V.=0.118) and from 0.051 to 0.167 (m.V.=0.086) at 
serum dilutions of 1:80, 1:160, 1:320 and at 1:640, 
respectively. Four weeks after sensitization with M. 
fortuitum. ELISA values ranged from 1.217 to 1.477 
(m.V.=1.355) at a serum dilution of 1:80, 0.816 to 1.227 
(m.V.=1.054) at a dilution of 1:160, 0.637 to 0.777 
(m.V.=0.706) at a dilution of 1:320 and from 0.317 to 0.436 
(m.V.=0.390) at a dilution of 1:640. Significant differences 
were detected between ELISA mean values for calves before and 
after sensitization with M. fortuitum at serum dilutions of 
1:80, 1:160, 1:320 and at 1:640 (p<0.01). 
The ELISA values on sera obtained before calves were 
sensitized with B« eaui using NAD ranged from 0.109 to 0.601 
(m.V.=0.321), 0.045 to 0.253 (m.V.=0.124), 0.021 to 0.139 
(m.V.=0.073) and from 0.017 to 0.085 (m.v.=0.047) at serum 
dilutions of 1:80, 1:160, 1:320 and at 1:640, respectively. 
Four weeks after sensitization with R. eaui. ELISA values 
ranged from 0.411 to 1.382 (m.v.=0.775) at a serum dilution of 
1:80, 0.138 to 0.765 (m.V.=0.404) at a dilution of 1:160, 
0.073 to 0.330 (m.V.=0.185) at dilution 1:320 and from 0.059 
to 0.199 (m.V.=0.109) at a dilution of 1:640. Significant 
differences were not detected between ELISA mean values for 
calves before and after injection of R. eaui sensitinogen at 
serum dilutions of 1:80, 1:160, 1:320 and at 1:640 (p>0.078). 
The results of ELISA conducted using RED and sera 
obtained from calves prior to and four-weeks after 
sensitization with each of five bacterial preparations are 
shown in Table 26. The ELISA values on sera obtained before 
calves were sensitized with R. eaui using homologous antigen 
ranged from 0.244 to 0.342 (mean value=0.284) at a serum 
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Table 26: Results of enzyme-linked immunosorbent assays using 
deoxycholate extract of Rhodococcus eaui (antigen) 
on sera of 4 calves before and 4-weeks after 
injection with each of five sensitinogens 
Serum 
dilution weeks 
H. povfs ANS-
sensitized 
calves 
H. avium 04-
sensitized 
calves 
M. fortuiturn-
sensitized 
calves 
N. asteroides-
sensitized 
calves 
R. egui-
sensitized 
calves 
1:80 0 0.30810.086' 0.23410.083 0.47310.193 0.31210.083 0.28410.041 
4 1.129t0.091** 1.17710.118** 0.95310.041* 0.59610.274*' 0.75010.128** 
1:160 0 0.152t0.083 0.15010.059 0.31510.156 0.18010.083 0.18210.083 
4 0.82B±0.230*« 0.81810.152** 0.54710.138* 0.29510.165*' 0.53310.185* 
1:320 0 0.12710.032 0.11010.041 0.18310.052 0.17210.033 0.14510.022 
4 0.67310.230* 0.56410.042** 0.37710.076*' 0.22610.076*' 0.39010.176*' 
1:640 0 0.11410.040 0.08610.036 0.14510.073 0.10610.036 0.11510.018 
4 0.45010.160* 0.42710.091** 0.28210.056*' 0.13810.011*' 0.18810.066*' 
® Mean absorbance value at 405 nm ± standard deviation 
^ No significant difference 
* Significant difference (p<0.05) 
** Significant difference (p<0.01) 
dilution of 1:80, 0.134 to 0.208 (m.v.=0.182) at a dilution of 
1:160, 0.122 to 0.176 (m.v.=0.145) at a dilution of 1:320 and 
from 0.088 to 0.130 (m.v.=0.115) at a dilution of 1:640. Four 
weeks after sensitization with R^. eaui. ELISA values ranged 
from 0.628 to 0.932 (m.v.=0.750) at a serum dilution of 1:80, 
0.378 to 0.802 (m.v.=0.533) at a dilution of 1:160, 0.218 to 
0.630 (m.v.=0.390) at a dilution of 1:320 and from 0.109 to 
0.272 (m.v.=0.188) at a dilution of 1:640. The ELISA mean 
values obtained for sensitized calves was significantly 
greater at serum dilutions of 1:80 (p<0.01) or 1:160 (p<0.05) 
than the values obtained before sensitization with R. eaui. 
However, no significant differences were detected between 
ELISA reaction conducted prior to and four weeks after 
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sensitization with g. eaui at serum dilutions of 1:320 or 
1:640 (p>0.06). 
The ELISA values on sera obtained before calves were 
sensitized with bovis AN5 using RED ranged from 0.191 to 
0.398 (m.V.=0.308), 0.092 to 0.227 (m.V.=0.152), 0.056 to 
0.167 (m.V.=0.127) and from 0.067 to 0.158 (m.v.=0.114) at 
serum dilutions of 1:80, 1:160, 1:320 and at 1:640, 
respectively. Four weeks after sensitization with H» bovis 
AN5, ELISA values ranged from 1.007 to 1.222 (m.v.=1.129) at a 
serum dilution of 1:80, 0.493 to 0.988 (m.v.=0.828) at a 
dilution of 1:160, 0.393 to 0.923 (m.v.=0.673) at a dilution 
of 1:320 and from 0.212 to 0.557 (m.v.=0.450) at a dilution of 
1:640. The ELISA mean values obtained for sensitized calves 
was significantly greater at serum dilutions of 1:80 or 1:160 
(p<0.01) and at dilutions 1:320 or 1:640 (p<0.05) than the 
values obtained before calves were sensitized with M. bovis 
AN5. 
The ELISA values on sera collected before calves were 
sensitized with M. avium D4 using RED ranged from 0.115 to 
0.301 (m.V.=0.234), 0.073 to 0.217 (m.V.=0.150), 0.056 to 
0.152 (m.V.=0.110) and from 0.050 to 0.137 (m.v.=0.086) at 
serum dilutions of 1:80, 1:160, 1:320 and at 1:640, 
respectively. Four weeks after sensitization with M. avium D4, 
ELISA values ranged from 1.095 to 1.261 (m.v.=1.177) at a 
serum dilution of 1:80, 0.610 to 0.968 (m.v.=0.818) at a 
dilution of 1:160, 0.502 to 0.598 (m.v.=0.564) at a dilution 
of 1:320 and from 0.333 to 0.457 (m.v.=0.401) at a dilution of 
1:640. The ELISA mean values obtained for sensitized calves 
was significantly greater at serum dilutions of 1:80, 1:160, 
1:320 and at 1:640 (p<0.01) than the values obtained before 
calves were sensitized with M. avium D4. 
The ELISA values on sera obtained before calves were 
sensitized with ÎJ» fortuitum using RED ranged from 0.256 to 
0.643 (m.V.=0.473), 0.165 to 0.519 (m.V.=0.315), 0.115 to 
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0.291 (m.V.=0.183) and from 0.101 to 0.213 (m.v.=0.145) at 
serum dilutions of 1:80, 1:160, 1:320 and at 1:640, 
respectively. Four weeks after sensitization with 
JÎ. fortuitum. ELISA values ranged from 0.841 to 0.966 
(m.v.=0.953) at serum dilution of 1:80, 0.547 to 0.740 
(m.v.=0.547) at a dilution of 1:160, 0.240 to 0.447 
(m.v.=0.377) at a dilution of 1:320 and from 0.175 to 0.246 
(m.v.=0.218) at a dilution of 1:640. The ELISA mean values 
obtained for sensitized calves was significantly greater at 
serum dilutions of 1:80 or 1:160 (p£0.05) than the values 
obtained before calves were sensitized with M. fortuitum. 
However, no significant differences were detected between 
ELISA values obtained prior to and 4-weeks after sensitization 
with M. fortuitum at serum dilutions of 1:320 or 1:640 
(p>0.08). 
The ELISA values on sera obtained before calves were 
sensitized with U. asteroldes using RED ranged from 0.212 to 
0.405 (m.v.=0.312), 0.144 to 0.269 (m.v.=0.188), 0.103 to 
0.216 (m.v.=0.172) and from 0.061 to 0.146 (m.v.=0.106) at 
serum dilutions of 1:80, 1:160, 1:320 and at 1:640, 
respectively. Four weeks after sensitization with 
N. asteroldes. ELISA values ranged from 0.300 to 0.909 
(m.v.=0.596) at a serum dilution of 1:80, 0.154 to 0.535 
(m.v.=0.295) at a dilution of 1:160, 0.165 to 0.335 
(m.v.=0.226) at a dilution of 1:320 and from 0.121 to 0.145 
(m.v.=0.138) at a dilution of 1:640. Significant differences 
were not detected between ELISA mean values for calves before 
or after sensitization with N. asteroides at serum dilutions 
of 1:80, 1:160, 1:320 and at 1:640 (p>0.l). 
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DISCUSSION 
Considerable efforts have been devoted lately to isolate 
and purify antigens from either mycobacterial cell extracts or 
culture filtrates (15,50,54,82,83,84,108,121,140). Isolation 
of species-specific immunologically active antigens for 
diagnostic purposes has been difficult, because of the complex 
nature and the chemical diversity characterizing mycobacterial 
antigens (54). In a previous study, Hall and Thoen (84) 
succeeded to extract and to fractionate, biologically active 
cell wall components of Mycobacterium bovis ATCC N" 19210 
using sodium deoxycholate (DOC), a weakly anionic bile salt 
detergent and EDTA. The methods described in this study using 
DOC and EDTA to extract cell wall components were extended to 
other mycobacterial species including M. avium and 
ÎÎ. fortuitum and to related taxa such as Nocardia asteroides 
or Rhodococcus eaui. These bacterial species have been 
frequently isolated from diseased or healthy cattle 
(163,167,168,178,215,227), and some were associated with false 
positive responses to tuberculin in naturally or 
experimentally infected animals (163,167,215,226). Differences 
existing between the extraction procedures of mycobacterial 
cell wall components using both DOC and EDTA and the 
procedures used in the preparation of PPD or other cell 
extracts have been reviewed recently (84). Sodium deoxycholate 
and EDTA apparently increase the solubility of the bacterial 
cell wall; thus, promoting the release of solubilized protein 
complexes which in turn could be fractionated by size 
exclusion chromatography (84). In addition, a weakly anionic 
detergent like DOC does not seem to cause major conformational 
changes or loss of biological activity in extracted proteins 
(84) . 
Field isolates of M. bovis. M. avium serotype 1 (isolated 
from a cattle herd in Morocco), M. fortuitum. N. asteroides 
112 
and g. eaul (isolated from cattle in U.S.A.) were utilized in 
this experiment to produce some active antigenic extracts. 
Size exclusion chromatography of M. bovis BMl DOC extract 
using sephacryl S-200 monitored at absorbance of 280 nm, 
resolved two peaks (1 and 2). This is in agreement with the 
findings of Hall and Thoen (84) using the same procedure for 
the DOC extract of M» bovis ATCC N° 19210. Chromatogram 
obtained for M. avium BMll DOC extract was different from that 
of DOC extract of bovis BMl. The 2 eluted fractions were 
not markedly individualized as for M. bovis. suggesting a 
moderate resolution. This is in agreement with the finding of 
Lind (131) who was unable to obtain single-antigen fractions 
from concentrated filtrate of M. avium using Sephadex G-lOO 
chromatography. Chromatography of N. asteroides DOC extract 
monitored at absorbance of 280 nm resolved 2 fractions, but 
the observed chromatographic pattern suggests that there is a 
third fraction not sharply separated. This is partially in 
agreement with the findings of Phillips and coworkers (166) 
using polyacrylamide gel electrophoresis for fractionation of 
culture filtrate of N. asteroides. who identified 2 major 
fractions (A and B) and 2 minor fractions (C and D). However, 
the identity of fractions 1 and 2 obtained from DOC extract of 
N. asteroides could not be correlated with fractions A, B, C, 
or D previously described, since, the starting antigenic 
preparations and fractionation methods employed were not the 
same. The chromatogram obtained for M. fortuitum DOC extract 
revealed 2 fractions (1 and 2). The observed pattern was 
different from that of DOC extracts of M. avium or 
N. asteroides. but somewhat similar to that of M. bovis. 
The capacity of DOC extracts obtained from different 
bacterial preparations to elicit DTH responses in homologously 
or heterologously sensitized guinea-pigs was found to be 
confined to the first eluted fractions (fractions 1). This is 
in agreement with the findings of Hall and Thoen (84) with 
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respect to M» bovls. However, in other studies (49,50) using 
low porosity Sephadex G-25 and G-50 for fractionation of 
culture filtrate of ÎJ» bovis BCG, skin activity in sensitized 
guinea-pigs was observed for 3 eluted fractions. This may be 
explained by the fact that low porosity Sephadex G-25 or G-50 
chromatography has a higher resolution power with respect to 
molecules of low molecular weight than that using Sephadex 
S-200. Another possible explanation could be provided by the 
fact that culture filtrates are likely to be more 
heterogeneous with regard to their antigenic composition than 
DOC extract. 
The results of skin testing showed that all bacterial DOC 
fractions (fractions 1) as well as IJ. bovis and M. avium PPD's 
evoked DTH responses in either heterologously or homologously 
sensitized guinea-pigs. Mvcobacterium bovis and M. avium PPD's 
were utilized as standard reagents for comparison. The Fisher 
least significant difference test (FLSDT) has proved to be a 
simple and effective method for comparing the mean responses 
obtained in these experiments. This is in agreement with the 
findings of Brown and coworkers (29), who reported that the 
multiple range test of Duncan, a similar test to FLSDT, was 
effective for comparing skin test responses using different 
sensitins in cattle. 
Although, some variability was observed in skin test 
responses for a given antigen preparation, comparison between 
DTH responses to different antigen preparations obtained for 
the two groups of M. bovis- (AN5 or BMl) sensitized guinea-
pigs were similar. Such variability may mainly reflect 
differences in the sensitivity level of the animals, as 
suggested by Magnusson (138). This indicates that the two 
M. bovis strains (AN5 and BMl) were similar in allergenic 
characteristics. Homologous antigens, namely PPD or MBD were 
of equal potency at 24 hours but not at 48 hours and each 
induced significant stronger reactions than heterologous 
114 
antigens. This is in agreement with the findings reported in 
several studies with regard to homologous and heterologous 
skin test responses to different PPD's in M. bovis-sensitized 
guinea-pigs (29,138,226). 
Skin test responses to different antigenic preparations 
obtained for the two groups of avium- (D4 or BMll) 
sensitized guinea-pigs were similar to a certain extent. 
Despite the fact that M. bovis and M. avium PPD's used in this 
experiment were biologically balanced for use in the 
comparative cervical tuberculin test in.cattle, both PPD's 
were of equal potency at 24 hours. However, skin test 
responses at 48 hours to M. avium PPD was significantly 
stronger than that of M. bovis PPD in M» avium BMll-sensitized 
group but not in avium D4-sensitized group. This is in 
agreement with the findings of Baisden and coworkers (12) who 
found that HCSM mammalian tuberculin can elicit strong skin 
responses in M. avium-sensitized animals. In contrast, our 
findings do not correlate with those of many other 
investigators (138,139,226), who found that DTH responses to 
M. avium tuberculin were significantly stronger than responses 
to M. bovis tuberculin in M. avium-sensitized animals. This 
discrepancy is likely to be the result of the use in our 
experiment of a higher dose of PPD (48 ng) compared to 2 to 5 
ng generally used for evaluation of PPD potency (60). Indeed, 
increasing the dose of a heterologous antigen was reported to 
induce substantial increase in the size of the response (66). 
Therefore, further studies on the DOC extracts prepared in 
this study with regards to their relative potency are needed 
to assure accurate interpretation. While moderate skin test 
responses were observed for DOC fractions of M. avium BMll and 
M. bovis BMl, significant cross-reactivity was observed 
between avium PPD and the DOC fraction of M. fortuitum. 
This is in agreement with the findings of Good and Selin (75) 
and with those of Worthington (226) suggesting an allergenic 
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relationship between M. fortuiturn and M. avium. 
In all instances, skin test responses to homologous 
antigen were significantly higher than responses evoked by 
other antigens in asteroides-sensitized guinea-pigs. This 
is in concordance with the results reported by Magnusson 
(137,139). On the other hand, significant heterologous 
reactivities were observed with IJ» bovis PPD, MFD, RED and to 
a lesser extent with H avium PPD in N. asteroides-sensitized 
guinea-pigs. This is in partial agreement with the findings of 
Magnusson (137), who found that cross-reactivity was 
especially noted with Jî. avium PPD and also with 
rhodochrous (currently classified within the genus 
Rhodococcus) sensitin. This suggests an antigenic relationship 
between asteroides and g. eaui or other species of 
mycobacteria as pointed out by several investigators 
(15,50,226). 
Significant homologous skin test responses were noted for 
M. fortuitum-sensitized guinea-pigs as compared to skin 
responses induced by other antigens, except for M. bovis PPD 
which evoked significant cross-reactivity. This agrees 
partially with the findings of Worthington (226) with regards 
to cross-reactivity to M. bovis PPD and especially to M. avium 
PPD in Ml. fortuitum-sensitized guinea-pigs. Furthermore, 
significant skin responses to mammalian tuberculin were 
observed in cattle naturally or experimentally exposed to 
M. fortuitum (29,163,215). 
Conflicting results were obtained in R. eaui-sensitized 
guinea-pigs with respect to skin test responses to different 
bacterial antigens observed at 24 and 48 hours. Although 
homologous DTH responses were reported in R. eaui-infected 
foals (168), no reports are available regarding DTH responses 
to mycobacterial sensitins in R. eaui-sensitized animals. Skin 
test responses induced by the different antigens in R. eaui-
sensitized guinea-pigs may be in part due to Arthus reactions, 
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since histological studies of these reactions have not been 
performed. Therefore, further studies are needed to evaluate 
the nature of these skin responses. 
The results of this investigation discussed herein, 
clearly indicate the need for isolation and purification of 
species-specific antigens from mycobacteria and related taxa. 
Skin-active DOC extracts are likely to be composed of several 
antigens, some of which are shared between the bacterial 
species studied and would explain the pattern of cross-
reactivity observed in groups of sensitized guinea-pigs. 
Indeed, polysaccharide antigens of similar structure and 
difficult to remove by physicochemical means have been 
demonstrated in many species of mycobacteria and in nocardia 
and corynebacteria (50) . Such antigens were shown to display 
some degree of skin activity (49,50). Therefore, additional 
purification steps of the DOC extracts would be valuable in 
characterizing relevant antigenic constituents. 
Development of a rapid reliable sérodiagnostic test for 
tuberculosis stimulated the interest of research workers for 
many decades. Tests such as complement fixation, bentonite 
flocculation, passive hemagglutination, indirect fluorescent 
antibody and precipitation in gel have been investigated 
(24,101,127,232). However, none achieved the desired 
specificity and sensitivity or possessed the potential for a 
large scale use (10,203). Recently, enzyme-linked 
immunosorbent assays have been developed to detect 
mycobacterial antibodies in the sera of animals naturally or 
experimentally infected with M. bovis. M. avium or 
M. paratuberculosis (84,179,197,203,204,205,206). Few reports 
are available on the application of ELISA to help 
differentiate between infections caused by different species 
of mycobacteria or related organisms; therefore ELISA using 
different antigens was evaluated to assess the spectrum of 
antibody responses to homologous and heterologous antigens in 
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5 groups of calves, each sensitized with a different bacterial 
preparation. Although variations were observed between some 
animals of a given group using a particular antigen, such 
variations mainly reflect differences in the sensitivity level 
of the animals, since some calves failed to develop a good 
humoral response 4 weeks after sensitization. The paired t 
test has proved to be useful for comparing the mean values of 
ELISA reactions observed on sera of calves, before and 4 weeks 
after they were sensitized with a given bacterial preparation. 
This complies with the findings of Ritacco and coworkers (179) 
who used the "t" test to assess the sensitivity and 
specificity of ELISA for detection of mycobacterial antibodies 
in sera of cattle. 
In this study, similar results were obtained in ELISA 
reactions using M. bovis PPD or M. bovis BMl DOC extract. 
Significantly higher ELISA reactions using each of the 6 
antigens used were observed on the serum samples of cattle 
sensitized with either M. bovis ANS or M. avium D4 as compared 
to those observed before sensitization. However, the magnitude 
of ELISA reactions at a given serum dilution varied between 
groups of sensitized calves. Highly significant (p<O.Ol) 
increases in ELISA values using homologous antigens (M. bovis 
PPD or Î!. bovis DOC extract) were detected for M. bovis-
sensitized group at each of the 4 serum dilutions as compared 
to those (p<0.05) recorded for heterologous antigens at the 
highest serum dilutions (1:320 and 1:640). This is in 
agreement with the findings of Thoen and coworkers (210) with 
respect to ELISA reactions in bison experimentally infected 
with M. bovis using the same homologous antigens. Our results 
are also in concordance with the findings of several 
investigators (11,70) with respect to cross-reactivity in 
ELISA reactions using either M. bovis antigen to test sera of 
cattle experimentally inoculated with M. avium or M.A.I.S 
antigens to test sera obtained from cattle naturally infected 
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with M. bovis. However, this does not comply with the findings 
of Pier and coworkers (167) who found that a nocardial antigen 
did not produce cross-precipitation with the sera of cattle 
infected with Mycobacterium spp.. Significant increases in 
ELISA values were also observed on sera of N. asteroides-
sensitized calves at each of the 4 serum dilutions using 
homologous antigen or heterologous antigens, namely M. bovis 
BMl and rj. fortuitum DOC extracts. This is in agreement with 
the findings of Pier and coworkers (167) who showed that a 
mycobacterial complement-fixing antigen did not differentiate 
between serum of cattle infected with either N. asteroides or 
Mvcobacterium so. On the other hand, cross-reactivity confined 
only to the 2 lowest serum dilutions (1:80 and 1:160) was 
observed in ELISA reactions using M. bovis PPD or MAD in 
N. asteroides-sensitized group. In contrast, significant ELISA 
reactions were observed in R. eaui-sensitized group only with 
the homologous antigen or with M. bovis BMl DOC antigen at 2 
dilutions. However, no significant increases were detected in 
ELISA using the other antigens. This is in agreement with the 
finding of Auer and Schleehauf (11) with respect to cross-
reactivity observed on sera of some cattle naturally infected 
with R. eaui using whole cell sonicate antigen of M. bovis. 
Significant increases in ELISA reactions using 
N. asteroides DOC antigen were also observed on sera of 
M. fortuitum-sensitized calves at each of the 4 serum 
dilutions. This increase was confined only to the 2 lowest 
serum dilutions when using the homologous or the heterologous 
M. bovis (PPD or DOC) and M. avium antigens. 
This investigation highlighted the limitation of ELISA to 
differentiate between specific reactivity and cross-reactivity 
due to sensitization with bacteria such as M. bovis. M. avium. 
M. fortuitum. N. asteroides and R. eaui. This suggests that 
sensitized cattle respond immunologically more to shared, 
rather than specific antigens. Alternatively, it may indicate 
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that specific antigens are present in low amounts in the 
antigenic preparations used for ELISA (PPD or DOC extracts) as 
compared to shared antigens. However, a differential test 
based on the magnitude of antibody response to a given antigen 
in calves sensitized with different bacterial preparations 
would be a useful approach to a more accurate serodiagnosis. 
The potential usefulness of such a test deserves further 
investigations, since no or low cross-reactivity was observed 
in B. eoui-sensitized calves when using heterologous antigens. 
In addition, ELISA using avium BMll DOC antigen displayed 
low cross-reactivity on sera obtained from N. asteroides or 
fortuitum-sensitized calves. Therefore, additional studies 
are needed to evaluate the usefulness of M. avium DOC extract 
to differentiate between antibody responses to sensitization 
with mycobacteria or related organisms. Moreover, suitable 
serum dilutions are to be determined for an accurate routine 
ELISA test, since the magnitude of reactions using 
heterologous antigens was generally found to be lower at 
highest serum dilutions than those using homologous antigens. 
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PART TWO! INVESTIGATIONS ON MYCOBACTERIDM BOVIS INFECTION 
IN CATTLE IN MOROCCO: AN ABATTOIR SURVEY 
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ABSTRACT 
Histopathologic and mycobacteriologic examinations were 
conducted on tissues collected from 246 cows at 5 major 
abattoirs of Morocco. Gross and microscopic lesions compatible 
with tuberculosis were observed, respectively, on tissues of 
68 (27.64%) and 70 (28.45%) carcasses; Mycobacterium bovis was 
isolated from 67. Mycobacterium bovis was also isolated from 
lymph nodes of head and thoracic cavity of 6 carcasses; no 
grossly visible or microscopic lesions were observed. Twenty 
six mycobacteria other than M. bovis (MOTT) were isolated from 
tissues of 23 carcasses, 3 of which had lesions compatible 
with tuberculosis. Seven were identified as Runyon's Group II 
(26.92%), 16 as Group III (61.53%), 5 of which were 
characterized as M. avium complex and 3 were Group IV (11.53%) 
(rapid growers). 
An indirect enzyme-linked immunosorbent assay using 
M. bovis PPD or sodium deoxycholate (DOC) extract of M. bovis 
as antigens was used for detecting antibodies in sera of M. 
bovis-infected cattle. The sensitivity for M. bovis PPD was 
76.71% and for DOC extract of M. bovis 79.45% . The 
specificity was of 90% and 92%, respectively. The 
sensitivities of ELISA tests using DOC extracts of M. avium. 
N. asteroides or M. fortuitum were determined to be 47.94%, 
65.75% and 9.58%, respectively, for cattle from which M. bovis 
was isolated. 
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INTRODUCTION 
The economic importance and the public health 
significance of bovine tuberculosis has been established in 
many countries (110,224); however, few reports are available 
on the importance of this disease in Morocco (2,4,27). 
The tuberculin skin test is the official method for 
detecting cattle tuberculosis in Morocco (56,121). However, 
this test is not systematically conducted throughout the 
country and reactors are not always removed from herds 
(58,59). Moreover, areawide or countrywide testing is not 
always possible because it is not practical to conduct skin 
tests on all cattle for financial reasons or are trained 
personnel available to conduct tests. 
The aims of this study were: 
1) To obtain information on bovine tuberculosis in cattle 
by conducting mycobacteriologic and histopathologic 
examinations on tissues collected from cattle in five major 
abattoirs of Morocco. 
2) To evaluate the usefulness of an indirect enzyme-
linked immunosorbent assay (ELISA) using M. bovis PPD and DOC 
extracts as antigens for detecting antibodies in sera of 
cattle naturally exposed to M. bovis or other mycobacteria. 
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MATERIALS AMD METHODS 
Selected Abattoirs 
An abattoir survey on bovine tuberculosis was carried out 
at five abattoirs of Morocco, located at Casablanca, Rabat, 
Fès, Méknès and Kenitra. These abattoirs are considered to be 
among the largest in the country. 
Animals 
Approximately, 50 adult culled females of unknown origin 
or status were selected at each abattoir. Because slaughtering 
of heifers or female calves is prohibited in Morocco, females 
stay longer in herds than males. Consequently, they reflect 
the herd infection status better, since they would have 
greater time for exposure to M. bovis infection than males. 
In each abattoir, cattle were sampled during a 3 day 
period at least. The number of cows sampled in each abattoir 
as well as the survey's time periods are presented in Table 
27. 
Animal Identification 
A tagging system was designed for individual 
identification of cows sampled. A piece of tape serving as a 
tag was put around the horns of every animal before 
slaughtering. Each animal was then identified through a 
combination of an initial and a serial number assigned to each 
tag, i.e., F;, R5, C4 etc. 
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Table 27: Number of cows selected 
and sampling periods 
at abattoirs 
Abattoir Number of cow 
sampled 
Sampling periods 
Fès 50 April 1990 
Méknès 50 April - May 1990 
Rabat 47 May - June 1990 
Casablanca 50 June - July 1990 
Kenitra 49 August 1990 
Total 246 
Blood Samples 
A blood sample was collected from each animal in a 
sterile glass tube without anticoagulant. Care was taken to 
assign the same identification number to each blood sample as 
the one from the animal from which it originated. 
Upon arrival at the laboratory, blood samples were 
centrifuged at 2000 rpm. The sera were decanted into sterile 
glass tubes. To avoid bacterial contamination, a few drops of 
a 1/10.000 merthiolate solution were added to each serum 
sample. The serum samples were stored at -20®C until used for 
the ELISA. 
Gross Pathology 
Post-mortem examination of carcasses was conducted by the 
veterinarian in charge; carcasses showing suspected visible 
tuberculous lesions were identified. Stage of tuberculosis as 
well as affected organs were noted and recorded along with the 
extent of observed lesions for each affected carcass. 
Tuberculosis was considered to be localized only when lesions 
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were seen in one organ and/or associated draining lymph node 
(s). When extensive lesions were found in an organ and when 
lesions were seen in more then one organ the disease was 
considered generalized. 
Tissue Samples 
Tissues were collected from tuberculous carcasses with 
the necessary safety precautions. If no visible lesions were 
observed, lymph nodes subjected to systematic inspection, 
namely, the supra pharyngeal, anterior and posterior 
mediastinal and the bronchial lymph nodes were sampled. When 
possible, (i.e., Méknès and Rabat's abattoirs), the supra 
mammary lymph node was also collected. No mesenteric lymph 
nodes were sampled, since it was impossible to insure the 
identity of animals of origin. Each specimen was divided at 
the time of collection: 
. One half of tissue specimen was immediately placed in a 
plastic vial containing a 10% solution of formalin for 
histopathology examination. 
. The other half of tissue for mycobacteriology 
examination was placed in a sterile plastic bag (Nasco-
whirlpak) and transported to the laboratory in a refrigerated 
container. 
Tissues specimens were labelled with the corresponding 
identification number of the animal of origin. 
Histopathology Examination 
Tissues collected for histopathologic examination were 
trimmed of excess fat and cut into small sections of 
approximately 0.5 cm of diameter. They were fixed in a 10% 
neutral buffered formalin solution for 72 hours. Formalin-
fixed specimens were routinely processed and embedded in 
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paraffin, sectioned at 5 /nM and stained with Hematoxylin and 
Eosin (H & E). Stained tissue sections were observed under a 
light microscope for presence of typical granulomatous 
lesions. 
Mycobaoteriology Examination 
Safety precautions 
No safety cabinet or laminar flow hood was available, 
therefore, specimens were handled in an isolated laboratory 
facility to avoid exposure of individuals. Treatment or 
culture of specimens was performed wearing gloves and a face 
mask. A 5% phenol solution was used to disinfect laboratory 
benches. 
Treatment of specimens 
Considering the large number of specimens collected from 
a given abattoir, only a portion of samples was processed 
immediately. The remainder of specimens were stored at -20°C 
for not more than a week until treated. Tissues for 
mycobacteriologic examination were ground in sterile mortars, 
treated and decontaminated according to procedures described 
in the manual of laboratory methods in veterinary 
mycobacteriology (213). Impression smears were prepared and 
stained using Ziehl-Neelsen method. 
Culture and isolation 
Ground tissues of different organs sampled from the same 
animal were pooled and an aliquot was decontaminated and 
inoculated onto culture media according to procedure 
previously described (213). The media used were 
Lowenstein-Jensen with and without glycerol and Herrold egg 
yolk agar with and without glycerol, prepared as previously 
described (213). The inoculated media were checked daily for 
contamination the first week and read twice a week for the 
remaining incubation period. Specimens yielding contaminated 
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cultures were cultured again from the nontreated ground tissue 
aliquots following the same procedure outlined above. The flow 
chart of procedures used for the abattoir surveys are outlined 
in Figure 5. 
When growth was observed on a culture media, a smear was 
prepared from a suspected colony and stained with the Ziehl-
Neelsen method for the detection of acid-fast bacilli. 
Positive cultures and colonial morphology were recorded 
(time of appearance, colonial morphology and pigmentation 
etc.). Acid-fast isolates were subcultured into sterile 
modified Proskauer and Beck (P & B) liquid medium prepared as 
previously described (213) and then incubated at 372c. 
Occasionally, when two types of acid-fast colonies were 
observed on the same culture medium, they were separately 
subcultured into P & B media. 
When sufficient growth of a given isolate was obtained on 
P & B medium, growth characteristics were recorded and a 
Ziehl-Neelsen stained smear was prepared to check for purity 
of culture. Colonies giving rise to a granular-uniform type of 
growth with many clumped cells and clear background were 
considered to be of the "R" (rough) type, whereas colonies 
yielding uniform growth with occasional clumps and a 
homogenous dispersion of cells forming a turbid background 
were considered to be of the "S" (smooth) type. 
Characterization of mycobacterial isolates 
In order to identify the tubercle bacilli and to classify 
the other mycobacterial isolates (M.O.T.T) into one of 
Runyon's Group, the characterization scheme outlined in Figure 
6 was adopted. 
Rate of growth 
The growth rate of mycobacterial isolates was determined 
on Middlebrook 7H10 solid medium according to procedures 
described previously (214). An isolate was considered to be a 
slow grower if growth was observed on subculture medium after 
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Figure 5: Flow chart for sampling and processing 
procedures used for the abattoir surveys 
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Figure 6; Flow chart for procedures used for 
characterization of mycobacterial 
isolates 
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at least 9 days of incubation. It was considered a rapid 
grower if growth occurred within 2 to 6 days of incubation 
(218). 
Pigment production 
The pigment production test was studied on Lowenstein-
Jensen media for all mycobacterial isolates according to 
procedures described previously (214). Except for the Runyon's 
Group I (Photochromogens), a representative known species of 
each Group was included to serve as positive control. The 
strains used were kindly provided by Dr. Thoen, I.S.U, Ames. 
Iowa, U.S.A: 
- scrofulaceum 963 for Runyon Group II 
- K» avium serotype I BMll for Group III 
- M. fortuitum 3191 for Group IV. 
Drug susceptibility testing 
The conventional method for antimicrobial assay was 
carried out on slow growing isolates following procedures 
described previously (213) using Dubos albumin broth. Drugs 
that were utilized include isonicotinic acid hydrazide (INH) 
(Aldrich) at a concentration of 10 jug per ml and thiophen-2-
carboxylic acid hydrazide (TCH) (Aldrich) at a concentration 
of 15 fig per ml. Non-inoculated media serving as negative 
controls as well as positive controls inoculated with known 
strains of M. avium (BMll) and M. bovis were used. 
Niacin test 
Niacin production was assessed for all INH sensitive slow 
growers of the "R" type. The test was performed on young 
confluent cultures in P & B media according to procedure 
described previously (213). A positive control inoculated with 
M. tuberculosis was included. Preparation and use of the 
Niacin test reagent, namely aniline (Aldrich) and cyanogen 
bromide (sigma) required wearing of a tear gas mask, 
gloves and safety glasses because of the extreme toxicity of 
the above reagents. Development of a yellow color indicated a 
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positive reaction. 
Nitrate reduction test 
The nitrate reduction test was performed on all 
mycobacterial isolates. The test was conducted, using a young 
confluent culture on Middlebrook's 7H10 media according to 
procedure previously described (214). A positive control and a 
negative control inoculated with M. fortuitum and M. avium. 
respectively were included. 
Freshly prepared 0.2% sulfanilamide (Aldrich), 5 N. 
hydrochloric acid (HCl) and 0.1% N-naphtylethylenediamine 
(Aldrich) reagent solutions were utilized to reveal the 
reaction. Development of a red color indicated a positive 
reaction. A negative reaction was confirmed by addition of a 
small amount of powdered zinc. 
Arvlsulfatase tests 
The 3-day and the two week arylsulfatase tests were 
performed on all mycobacterial isolates other than bovine 
tubercle bacilli. The tests were carried out according to 
procedures described previously (214), using Middlebrook 7H9 
broth media supplemented with the phenolphthalein disulfate, 
tripotassium salt (Aldrich) substrate at concentrations of 
0.001 M and 0.003 M, respectively. 
Positive and negative controls inoculated with 
M. fortuitum and M. scrofulaceum. respectively, were included 
for both tests. The reaction was observed by the addition of 
few drops of freshly prepared 2 N sodium carbonate (Aldrich). 
Development of a pink color indicated a positive reaction. 
Mc Conkev agar growth test 
The Mc Conkey agar growth test was utilized for all rapid 
growing mycobacterial isolates. The test was conducted using 
Mc Conkey agar without crystal violet (Bio-Merieux) following 
procedures described previously (214). A positive control 
inoculated with M. fortuitum was included. 
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ELISA Test 
An Indirect ELISA test was conducted on serum samples 
collected from slaughtered animals. The test was standardized 
to select appropriate antigen and conjugate dilutions. Bovine 
PPD (Ser 31 Bal 8801, USDA) at a concentration of 1 ng per 
well and DOC extracts (peak 1) of four bacterial preparations 
(Î5. bovis BM|, M. avium BMll, Jf- fortuitum and N. asteroides) 
at a concentration of 0.5 jig per well, were used. The ELISA 
test was conducted exactly as described.previously, except 
that the affinity purified goat-anti bovine immunoglobulin G 
(H + L) specifically labelled with horse-radish peroxidase was 
used at the concentration of 15 ng per well. Strong and weakly 
positive serum controls (Texas 720 and Texas 724) kindly 
provided by Dr. Thoen I.S.U, Ames, Iowa as well as a Moroccan 
(IM) and an American (T736) negative samples were pooled to 
serve as negative controls. In addition, fifty serum samples 
obtained from a herd which has been negative to the tuberculin 
test for 4 years was included in this experiment for 
assessment of ELISA specificity and sensitivity. 
The color intensity of the reactions was determined on a 
multiskan photometer (Dynatech) at a wavelength of 405 nm. 
A serum sample was considered positive when the intensity of 
reaction was at least three times that of negative control as 
suggested by Hall and associates (84). 
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RESULTS 
Pathologic Findings 
Results of the macroscopic examination 
The results of macroscopic examination of carcasses 
sampled at each abattoir are given in Table 28. Grossly 
visible lesions consistent with tuberculosis were observed in 
68 of the 246 carcasses examined (27.64%); the proportion of 
positive carcasses ranged from 14% to 36.73% in Fès and 
Kénitra abattoirs, respectively. 
Distribution of tissue lesions 
Lymph node lesions consistent with tuberculosis were 
systematically observed in all affected carcasses. In some 
instances viscera such as lungs, pleura, liver were also 
involved. The distribution of macroscopic as well as 
microscopic lesions in different tissues is presented in Table 
29. 
Histopathologic Results 
Microscopic granuloma compatible with tuberculosis were 
found in lymph node tissues from all carcasses with 
macroscopic lesions. Granuloma consistent with tuberculosis 
also were found in lymph node tissues from 2 carcasses in 
which no gross lesions were found (Table 29); therefore, the 
total number of positive carcasses on histopathologic 
examination was 70. Likewise, other granulomatous lesions, 
undiagnosed at macroscopic examination were detected in other 
lymph node tissues from some positive carcasses (Table 30). 
One hepatic lesion thought to be tuberculous in nature at the 
macroscopic examination was found to be a parasitic granuloma 
caused by Fasciola hepatica (Table 29). 
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Table 28: Results of pathologic examination of slaughtered 
animals in five abattoirs of Morocco 
Abattoirs Number Number of % Number of % 
of cows carcasses cows with 
sampled with microscopic 
macroscopic lesions 
lesions 
Fès 50 07 14, .00 08 16, .00 
Rabat 47 14 29. 78 14 29, .70 
Meknès 50 17 34. 00 17 34, .00 
Casablanca 50 12 24. ,00 12 24. ,00 
Kênitra 49 18 36. ,73 19 38. ,77 
Total 246 68 27. ,64 70 28. ,45 
Table 29 : Distribution of tissue lesions compatible with 
tuberculosis in affected carcasses at the 
macroscopic or microscopic pathology examinations 
Tissue or Number of carcasses with 
organ Macroscopic lesions Microscopic lesions 
Lymph nodes 68 70 
Lungs 18 18 
Pleura 10 10 
Liver 05 04 
Stage of tuberculosis infection 
The stage of tuberculosis infection in 70 affected 
carcasses is presented in Table 30. The primary complex 
(localized tuberculous process) was the predominant stage of 
infection encountered; it was observed in 52 of the 70 
affected carcasses (74.28%). Miliary tuberculosis was found in 
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Table 30; Distribution of stage of tuberculosis in 70 
positive carcasses from 5 abattoirs in Morocco 
Abattoirs Stage of tuberculosis infection 
Primary complex Generalized 
Fès 06 02 
Mêknès 12 05 
Rabat 10 04 
Casablanca 09 03 
Kenitra 15 04 
Total 52 18 
% 74.28 25.71 
10 carcasses (14.28%) and tuberculosis confined to two organs 
(i.e., lung and liver) or lymph nodes draining different area 
of the body was found in the remainder 8 (11.42%). 
Distribution of macroscopic and microscopic lesions compatible 
with tuberculosis in different Ivmph node tissues 
The distribution and combination of macroscopic or 
microscopic lesions compatible with tuberculosis in lymph 
nodes are presented in Table 31. Lymph nodes draining the 
respiratory tract (mediastinal and bronchial lymph nodes) were 
the most frequently affected. They were involved alone or in 
combination with other lymph nodes in 90% of cases. It is also 
of interest to note that supramammary lymph node granuloma 
compatible with tuberculosis was not observed alone, but 
always associated with granulomas in mediastinal, bronchial 
and suprapharyngeal lymph nodes. Likewise, 14 of the 21 
granulomatous lesions observed in the suprapharyngeal node 
were associated with lesions found in both mediastinal and 
bronchial lymph nodes. 
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Table 31: Distribution and combination of macroscopic or 
microscopic tuberculous lesions in lymph node 
tissues 
Affected 
lymph nodes 
Number of cases 
Macroscopic 
examination 
% Microscopic 
examination 
% 
Mediastinal(MD) 23 33.82 21 30.00 
Bronchial (BR) 19 27.94 16 22.85 
Pharyngeal(PH) 07 10.29 07 10.00 
Mammary (MM) 00 00 00 00 
MD + BR 10 14.70 12 17.14 
MD + PH 00 00 00 00 
BR + PH 00 00 00 00 
MD + BR + PH 07 10.29 12 17.14 
MD+ BR+ PH+ MM 02 02.94 02 02 .85 
Total 68 100 70 100 
Description of tuberculous granuloma 
Typical granuloma with central area of caseation 
surrounded by a rim of lymphocytes, macrophages, epithelioid 
cells and multinucleated giant cells, were found in affected 
lymph nodes (Figures 7 and 8). Caseated lesions were observed 
in 95% of cases. In many instances, lesions were encapsulated 
and sometimes calcified (Figure 8). In other cases, these 
lesions were associated with the presence of multiple tiny 
young tubercles composed of epithelioid and giant cells with 
little evidence of caseation (Figures 9 and 10). Typical 
encapsulated granulomatous lesions similar to those described 
in lymph nodes were found in affected lung or hepatic tissues. 
Figure 7: Granuloma with central area of necrosis surrounded 
by epithelioid cells and fibroblasts; M. bovis was 
isolated. (Lymph node tissue, H&E stain x 10) 
Figure 8; Calcified granuloma surrounded by epithelioid 
cells, fibroblasts and few giant cells (Arrow). 
(Higher magnification [x 20] of Figure 7) 

Figure 9: Multiple small granulomas composed of epithelioid 
and giant cells with little evidence of necrosis 
in a lymph node tissue; M. bovis was isolated 
(H&E stain x20) 
Figure 10: Small granuloma with two giant cells (Arrows) in 
lymph node tissue. 
(Higher magnification [x 40] of Figure 9) 
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Other lesions 
In addition to tuberculous granuloma, a variety of lesions 
were observed in lymph node tissues from negative carcasses. 
Granulomatous lesions compatible with actinomycosis, 
characterized by the presence of tangled, branching organisms 
in the center surrounded by zones of radiating club-shaped 
structures was found in the suprapharyngeal lymph node from a 
carcass originating from Rabat abattoir. Other pathological 
changes including hemorrhages, abscesses, and parasitic 
lesions were also observed and could possibly be confused with 
tuberculosis but detailed description is beyond the scope of 
the present study. 
Mycobacteriologic Findings 
Bacterioscopic results 
Acid-fast bacilli were demonstrated on smears stained 
with the Ziehl-Neelsen method in only 3 6 of the 70 positive 
specimens (51.42%). No acid-fast organisms were detected in 
negative specimens using this technique. 
Mycobacterial isolation 
Among the 246 tissue samples examined, acid-fast bacilli 
were isolated from 96 (39.02%). 
The distribution of positive cultures as well as the 
number of mycobacterial isolates recovered from 246 specimens 
for each abattoir are summarized in Table 32. There were 3 
mixed positive cultures with two mycobacterial species 
isolates from each; therefore, the total number of 
mycobacteria isolated was 99. 
Characterization of mycobacterial isolates 
Characterization of mycobacterial isolates based on 
growth characteristics and on biochemical and drug 
susceptibility tests revealed that 73 isolates were M. bovis 
and 26 were mycobacteria other than tubercle bacilli (MOTT). 
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Table 32: The rate of mycobacterial 
sampled at 5 abattoirs 
isolation from 246 cows 
Abattoirs Number of 
cow sampled 
Number of 
positive 
cultures 
Rate of 
isolation 
% 
Number of 
mycobacteria 
isolated 
Fès 50 18 36.00 20® 
Méknès 50 24 48.00 25^ 
Rabat 47 18 38.29 18 
Casablanca 50 15 30.00 15 
Kenitra 49 21 42.85 21 
Total 246 96 39.02 99 
^ Two mixed cultures 
^ One mixed culture 
Mycobacterium bovis was isolated from 67 carcasses with 
lesions. Mycobacterium bovis was also isolated from lymph 
nodes of head and thoracic cavity of 6 carcasses in which no 
grossly visible or microscopic lesions were observed. 
Therefore, the number of M. bovis-infected cows was 73 (Table 
33). The rate of M. bovis isolation from diseased carcasses at 
different abattoirs ranged from 87.50% to 100% with an overall 
rate of 95.71% (Table 33). Of 26 MOTT isolates, 7 were 
identified as Runyon's Group II (26.92%), 16 as Group III 
(61.53%), 5 of which were M. avium complex and 3 were Group 
IV (11.53%) (rapid growers). Three mycobacterial isolates of 
Runyon's Group III and one of Group IV were recovered from 3 
diseased carcasses including one associated with M. bovis 
isolation (mixed culture) (Table 32). Comparison of 
histopathologic findings and M. bovis isolations from 73 cows 
sampled at 5 abattoirs are summarized in Table 33. 
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Table 33; Comparison of histopathologic findings and 
Mycobacterium bovis isolations from 73 cows 
sampled at 5 abattoirs in Morocco 
Cows with Total Number of Rate of 
Abattoirs microscopic number of M. bovis isolation 
lesions M. bovis isolated from 
isolates from 
carcasses 
with lesions 
carcasses 
with 
lesions 
% 
Fès 08 09 07 87.50 
Méknès 17 18 17 100.00 
Rabat 14 14 14 100.00 
Casablanca 12 13 11 91.67 
Kenitra 19 19 18 94.74 
Total 70 73^ 67 95.71 
® M. bovis was 
lesions 
isolated from 6 carcasses without microscopic 
Enzyme-Linked Immunosorbent Assay 
The results of ELISA using 5 different antigens (M. bovis 
PPD, DOC extracts of M. bovis. M. avium. M. fortuitum and 
N. asteroides) conducted on sera of 246 slaughtered animals 
and on sera of 50 cattle from a tuberculin test negative herd 
(negative control) are shown in Table 34. Positive ELISA 
reactions using M. bovis PPD, were detected on sera from 114 
of 246 (46.34%) carcasses examined, and on sera from 5 of the 
50 negative control cattle (10%). Likewise, positive ELISA 
reactions using DOC extract of M. bovis were observed on sera 
from 111 of 246 (45.12%) slaughtered animals and on sera from 
4 of 50 (8%) negative control cattle. Positive ELISA reactions 
using DOC extracts of M. avium or M. fortuitum were detected, 
respectively, on sera from 73 (29.67%) and on sera from 14 
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Table 34: Comparison of ELISA reactions using 5 antigen 
preparations conducted on sera from 246 cattle 
from 5 abattoirs and on sera from 50 cattle from 
a herd in which tuberculosis was not diagnosed 
ELISA reactions Sera front slaughter animals with or Sera from 
using different without mycobacterial isolation Tuberculosis-
antigens free herd 
H. bovis HOTT" None'' Total 
M- boyjs + 56 15 43 114 05 
PPD 
• 17 08 107 132 45 
M. bovis 58 16 37 111 04 
DOC 
• 15 07 113 135 46 
H. avium + 35 14 24 73 06 
DOC 
- 38 09 126 173 44 
H. fortuitum 07 02 OS 14 00 
DOC 
- 66 21 145 232 50 
N. asteroides + 48 09 21 78 07 
DOC 
- 25 14 129 168 43 
® Mycobacteria other than tubercle bacilli 
^ No mycobacteria isolated 
+ Positive ELISA = 3 times the ELISA value for pool of 2 
negative sera 
(5.69%) of 246 carcasses. The ELISA test using DOC extract of 
M. fortuiturn did not detect positive reactions on sera from 
negative control cattle; whereas, 6 sera (12%) were found 
positive using DOC extract of M. avium. Positive ELISA 
reactions using DOC extract of N. asteroides also were 
detected on sera from 78 of 246 slaughtered animals (31.70%) 
and on sera from 7 cows of negative control cattle (14%). 
The ELISA tests using M. bovis PPD and DOC extracts of 
M. bovis. M. avium. N. asteroides or M. fortuitum as antigens 
revealed sensitivities of 73.95%, 77.08%, 51.04%, 59.37% and 
9.37%, respectively, for cattle from which mycobacteria were 
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Isolated. The specificities of ELISA using the above mentioned 
5 antigens were determined at 90%, 92%, 88%, 86% and at 100% 
respectively, for negative control cattle. The ELISA tests 
using K[. bovis PPD or DOC extract of M. bovis revealed 
sensitivities of 76.71% and 79.45%, respectively, for cattle 
from which JL. bovis was isolated. Similarly, the sensitivities 
of ELISA tests using DOC extracts of M. avium. N. asteroides 
or Ms. f or tu i turn as antigens were determined at 47.94%, 65.75% 
and at 9.58%, respectively, for cattle from which M. bovis was 
isolated. 
Comparison of ELISA reactions and pathologic findings in 
animals from which M. bovis was isolated indicated that 
correlation could not be made between the magnitude of ELISA 
reaction and the extent of lesions observed. In many 
instances, significant ELISA reactions were detected on sera 
of animals with non-detectable lesions or with small granuloma 
confined to one lymph node; whereas in 3 cases negative ELISA 
reactions were observed in carcasses with miliary 
tuberculosis. 
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DISCUSSION 
In spite of the economic and public health significance 
of bovine tuberculosis, little is known about the prevalence 
of this disease in Morocco. The present investigation 
conducted on 246 cattle sampled at five major abattoirs 
highlighted the importance of this disease in Morocco. The 
incidence of cattle tuberculosis varied from one abattoir to 
another and ranged from 18% to 38.77% with an overall value of 
29.67% . This suggests that bovine tuberculosis is widespread 
among moroccan cattle. The incidence reported herein is 
suggestive but does not reflect the true incidence at the 
national level, since it was calculated for only adult 
females. In a previous study conducted in 1976 at the 
abattoir in Rabat, Amaqdouf (4) reported an incidence of 5.5% 
in females compared to 3% in males. Hence, there appears to be 
a significant increase in the incidence of the disease during 
the period between 1976 to 1990. This coincides with an 
increased interest in development the dairy industry in 
Morocco as evidenced by the implementation of a national dairy 
plan to improve milk production through importation of dairy 
cattle (99). Tuberculin skin test is not systematically 
conducted on cattle throughout the country and reactors to the 
test are not always removed (58,59). This may explain the 
spread of tuberculosis and incidence observed. These 
observations suggest a national eradication program of 
tuberculosis should be implemented soon. 
Histopathologic examination of tissues was valuable and 
more efficient than the post-mortem inspection. Lesions 
compatible with tuberculosis were detected in lymph nodes with 
no gross lesions collected from 4 carcasses, 2 of which were 
negative at gross pathologic examination. This is in agreement 
with the findings of O'Reilly and McClancy (151) who noted 
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that only 86.4% of cattle with tuberculous lesions were 
detected at meat inspection. This is of public health concern 
and emphasizes the need for a careful post-mortem inspection, 
since condemnation of carcasses because of tuberculosis is 
based on the extent and the distribution of lesions. 
As reported in other studies (4,65), the majority of 
tuberculous lesions were observed in mediastinal, bronchial 
and suprapharyngeal lymph nodes. This supports the importance 
of bovis-infection via the respiratory route. Lung lesions 
were also observed but at lower frequency than those of 
draining lymph nodes. This is probably because primary 
pulmonary lesions can be very small and difficult to detect as 
reported in other studies (4,65). The importance of infection 
via the oral route could not be accurately established because 
of the lack of data regarding the involvement of mesenteric 
lymph nodes. 
Stabilized primary complex was the most frequently 
encountered evolutive form of tuberculosis but generalized 
tuberculosis including miliary forms were found in more than 
25% of cases. This is of particular significance as many of 
these animals were probably shedding tubercle bacilli. 
As reported by other investigators (4,214), the 
bacterioscopic examination conducted on smears of tissue 
stained with the Ziehl-Neelsen method was found of low 
sensitivity for detecting acid-fast bacilli. This could be 
explained by a low bacillary load. Hence, this method is not 
reliable but is of some presumptive value. 
In the present investigation, mycobacteria were 
isolated from more than 39% of the bovine carcasses examined. 
Mycobacterium bovis was isolated from 73 carcasses; it 
accounted for more than 76% of isolations. This is similar to 
the frequency of M. bovis isolation (78%) from bovine tissues 
obtained by Thoen and coworkers (208) over a 5-year period. 
Moreover, 26 mycobacterial isolates other than M. bovis were 
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cultured from 23 carcasses. The occurrence of mixed 
mycobacterial cultures such as the 3 obtained in this study 
was reported recently in human patients (30). 
Characterization of the 26 MOTT isolates revealed that 16 
(61.53%) were identified as Runyon's Group III, 5 of which 
were characterized as 15. avium complex. Seven (26.92%) were 
identified as Group II and 3 (11.53%) as Group IV. Definitive 
identification of MOTT isolates requires further 
investigations; since the battery of tests used was not 
sufficient to establish their identity. 
The rate of M. bovis isolation from diseased carcasses 
was 95.71% . In addition, M. bovis was isolated from 6 
carcasses without typical lesions. This suggests possible 
recent infection associated with non-detectable lesions at the 
histopathology examination and illustrated the high 
sensitivity of isolation as compared to histopathology. On the 
other hand, no M. bovis was isolated from tissues of 3 
carcasses with typical granulomas. Nevertheless, a M. avium 
complex isolate was recovered from one carcass, whereas, a 
mixed mycobacterial culture (Group III and Group IV) was 
obtained from another. The identity of these isolates could 
not be established on the basis of the battery of tests used. 
Moreover, no pathogenicity tests were conducted on laboratory 
animals. Consequently, the pathogenicity of these isolates as 
causative organisms of lesions observed is speculative. 
Several mycobacterial species of Group II, III including 
M. avium. and IV were reported to produce granulomatous 
lesions which are often difficult to differentiate from 
lesions caused by M. bovis in cattle (208,211). Nevertheless, 
bovis infection could not be ruled out in such cases, since 
H bovis was isolated in a mixed culture with a Mycobacterium 
sp. from Runyon's Group III in a similar case. In addition, 
complete overgrowth of M. bovis by MOTT in culture media was 
reported to occur (30) and may provide another explanation. 
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Therefore, inoculation of guinea-pigs may be valuable for 
M bovis isolation from material harboring other mycobacteria. 
The occurrence of MOTT in cattle tissues was previously 
reported by several researchers (32,41,55,154,162,208) in many 
countries. The pathogenicity of these organisms varies 
according to the animal species involved. Some species like 
M. flavescens are regarded as saprophytes (211,218), others 
like M. fortuitum or M. kansasii are considered as 
opportunistic pathogens in humans or animals (32,211,218), 
while serotypes (1 and 2) of ML avium were shown to be 
pathogens for birds and swine (32,208). 
The preponderance of Mycobacteria of Group III including 
avium complex among MOTT isolated from bovine tissues was 
similarly reported by other investigators (208,162). The 
clinical significance of these organisms was not clearly 
defined in this study, since the majority of them were not 
associated with detectable lesions. However, particular 
concern may arise from the fact that infections or merely 
colonizations with MOTT could give rise to tuberculin 
sensitivity and to misleading results from standard tests with 
mammalian tuberculin as pointed out by several investigators 
(32,41,55,141,161,215) under natural or experimental 
conditions. Moreover, the problem of nonspecific reactivity to 
tuberculin was recently reported in Morocco (97). Therefore, 
infections with MOTT may constitutes a serious challenge 
toward eradication of bovine tuberculosis in a country in 
which a high infection rate is reported such as Morocco. 
Since the development by Thoen and associates 
(203,205,206) of an indirect ELISA test to detect 
mycobacterial antibodies on sera of feral swine or cattle 
naturally or experimentally exposed to M. bovis. there has 
been an increasing interest to use ELISA for serodiagnosis of 
tuberculosis. This encouraged us to further explore the 
application of this method in detecting bovine tuberculosis in 
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the field. To our knowledge, this is the first report 
assessing ELISA using homologous or heterologous antigens for 
the detection of bovine tuberculosis on a large scale in non-
tuberculous and bacteriologically confirmed tuberculous 
cattle. 
The results reported herein indicated that 76.71% of 
M. bovis-infected cattle and 90% of the negative control 
animals were correctly identified with the ELISA using 
M. bovis PPD. Slightly higher sensitivity (79.45%) and 
specificity (92%) were obtained with ELISA using DOC extract 
of M bovis as antigen. However, significantly lower 
sensitivities were found for ELISA using DOC extracts of 
M. avium BMll (51.04%), M. fortuiturn (9.37%) and N. asteroides 
(59.37%). This follows results obtained in experimentally 
sensitized calves, although the recorded sensitivity of ELISA 
using DOC extract of M. fortuitum was very low. A possible 
explanation for these results may be that artificially induced 
humoral responses may not reflect the natural situation. 
Alternatively, it may suggest a loss of biological activity of 
DOC extract of M. fortuitum incurred by storage for a long 
period (2 years). On the other hand, positive ELISA reactions 
using either M. bovis PPD or DOC extract of M. bovis were 
detected respectively, on sera from 43 and 37 of 150 animals 
from which no mycobacteria were isolated. Considering the high 
prevalence of bovine tuberculosis in Morocco, a likely 
explanation could be that these cattle were exposed to 
M. bovis at insufficient doses for development of lesions. 
Alternatively, this may suggest a prior contact with MOTT 
which may generate antibody responses to shared epitopes of 
the mycobacteria as observed in a recent study (10). In 
contrast, negative ELISA reactions using either M. bovis PPD 
or DOC extract of M. bovis were observed respectively, on sera 
of 17 and 15 cattle from which M. bovis was isolated including 
3 carcasses with miliary tuberculosis. Similar results were 
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reported recently (183) for human miliary tuberculosis. 
Immunodepression due to intercurrent infection, advanced 
disease and old age may hamper humoral responses in 
tuberculous cattle and give false negative results. The 
prevalence of factors suppressing humoral responses such as 
immune complexes or serum suppressor factors is unknown in 
tuberculous cattle and deserves further studies. Nevertheless, 
our findings are comparable to the results of Ritacco and 
associates (179) who recorded in a similar but limited study a 
sensitivity of 90% and a specificity of 89.8% for ELISA using 
M bovis PPD. However, significantly lower specificity was 
obtained by Auer (10) with ELISA using an unpurified M. bovis 
antigen. This suggests a more purified homologous antigenic 
preparation may be better suited for use in ELISA for 
detection of bovine tuberculosis, as highlighted in 
experimentally sensitized calves in this study (Part one). 
Positive ELISA reactions using M. bovis PPD or DOC 
extract of M. bovis as antigens were detected respectively, in 
65.21% and 69.56% of cattle from which MOTT were isolated. The 
occurrence of ELISA cross-reactivity was previously shown in 
experimentally sensitized calves and was similarly reported by 
other investigators (11,179,203). Whether this reactivity is 
induced by MOTT, nonspecific stimuli or by repeated tuberculin 
tests as suggested by some authors (11,179,203), could not be 
determined since no information was available on the origin 
and history of slaughtered cattle. 
In the present trial the sensitivity and specificity of 
ELISA using homologous antigens for detection of bovine 
tuberculosis were similar to those achieved by the tuberculin 
skin test under optimal conditions (71). The operative 
advantage of ELISA would make it an obvious choice for 
screening studies in area where tuberculosis is prevalent. In 
addition, combination of ELISA and tuberculin skin test may 
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prove to be more sensitive in detecting cattle exposed to 
M. bovis than either test conducted alone. 
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PART THREE: A COMPARISON OF DELAYED-TYPE HYPERSENSITIVITY 
TESTS AND ENZYME-LINKED IMMUNOSORBENT ASSAY FOR 
DETECTING BOVINE TUBERCULOSIS IN 5 CATTLE HERDS 
IN MOROCCO 
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ABSTRACT 
An indirect enzyme-linked immunosorbent assay (ELISA) was 
compared to the tuberculin skin test for detecting 
tuberculosis in 321 cattle from 5 different herds identified 
as A,B,C,D, and E. Positive ELISA reactions were observed in 
cattle sera of herds A and B in which gross lesions compatible 
with tuberculosis were reported in reactors to the tuberculin 
test and in cattle sera of herd E which was not tuberculin 
tested. The reactions using M. bovis PPD or sodium 
deoxycholate (DOC) extract of bovis as antigens, were 
observed, respectively, on sera from 46 (43.39%) and 53 (50%) 
animals; 31 of which developed positive or suspect tuberculin 
skin responses. Therefore, herds A, B, and E were classed as 
tuberculous. Herds C and D in which tuberculosis was not 
reported but had a previous history of positive tuberculin 
responses, 21 (9.76%) cattle developed positive or suspect 
skin test responses, 12 had positive ELISA reactions using 
M. bovis PPD and 11 had positive ELISA using DOC extract of 
M. bovis. Positive ELISA reactions based on M. bovis PPD or 
DOC extract of M. bovis were detected in sera from 9 animals 
in which tuberculin skin test was negative. 
The comparative cervical tuberculin test using M. bovis 
and M. avium PPD's at equal concentration was conducted 
within 24 hours on cattle of herds C and D having a positive 
or suspect skin response. Eleven animals tested from herd D 
and 8 of 10 cows from herd C were classified as negative. 
Comparison between skin test responses, revealed that 
responses in tuberculous animals of herds A, B, and E were 
larger and displayed a great variability than responses 
observed on cattle in herds C and D. 
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INTRODUCTION 
The tuberculin skin test is the method widely used for 
detecting tuberculosis in cattle (56,121). The problem of non­
specific reactivity to mammalian tuberculin was recognized to 
occur in many areas of the world (71,110,144) and was recently 
reported in Morocco (97). 
The comparative cervical tuberculin test (CCT) using 
M. bovis and M[ avium PPD's has proven useful to differentiate 
tuberculosis and infections caused by mycobacteria other than 
tubercle bacilli (MOTT) (180). Furthermore, the CCT requires 
trained veterinarians and is time consuming. Therefore, a more 
practical and accurate screening test for tuberculosis is 
needed. 
The aims of this study were: 
1) to evaluate the usefulness of an indirect enzyme-
linked immunosorbent assay (ELISA) using M. bovis PPD and 
sodium deoxycholate extract of M. bovis as antigens for 
detecting antibodies in sera of cattle from 5 herds. 
2) to compare ELISA results with tuberculin skin test 
responses. 
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MATERIALS AND METHODS 
Tuberculin skin tests were conducted on 325 cattle in 5 
herds during the period between December 1989 and January 
1990. The studies were made possible by the cooperation and 
assistance of three provincial veterinarians. 
Herds 
Four dairy herds located on the costal plain of Gharb 
(140 Km North-east of Rabat) scattered in a 20 Km radius of 
one another were utilized in this study. Herds A and B were 
tuberculin-tested annually and lesions compatible with 
tuberculosis were found in slaughtered reactors. Herd C was 
tuberculin-tested annually and herd D was tested semi-annually 
and no lesions compatible with tuberculosis were observed in 
animals responding to tuberculin. In the later, 
M. paratuberculosis was isolated from the ileo-cecal valve of 
a cow which reacted to M. bovis PPD. An additional herd (E) 
composed of traditionally managed local breed animals with 
unknown tuberculosis status (never tuberculin tested) and 
located 70 Km south-east of Rabat was included. This herd was 
suspected to be infected with M. bovis. because respiratory 
symptoms and progressive disease associated with a chronic 
loss of condition were observed in some animals on clinical 
examination . 
Information regarding these herds is listed in Table 35. 
Single Intradermal Cervical Tuberculin Test 
Single intradermal cervical tuberculin test was conducted 
on all animals over 6 months old. Animals from herds A, B, C, 
and E were tested with HCSM-O.T synthetic tuberculin 
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Table 35; Age, sex, breed, distribution and management 
practices of cattle in 5 herds selected for 
field study 
Age 
Herd Total 
number of 
animals 
Type Breed 6-24 
months 
2-5 
years 
more than 
5 years 
Management 
practices 
•M "F M F H F 
A 35 Dairy Frisian x 
Holstein 
- • - 5 - 23 Intensive 
confined 
B 54 Dairy Frisian x 
Holstein 
- 5 - 20 - 21 Intensive 
confined 
C 49 Dairy Frisian x 
Holstein 
- 4 - 6 - 29 Intensive 
confined 
D 341 Dairy Holstein 24 41 • 34 3 74 Intensive 
confined 
E 40 Traditi­
onal 
Local 12 6 1 4 - 13 Extensive 
confined 
Total 541 36 56 1 69 3 160 
® Males 
^ Females 
(mammalian O.T, SR 135-T 800g DEL, N.V.S.L), whereas, cattle 
of herd D were tested with M. bovis PPD (PPD bovis 
intradermic, USDA, APHIS). An amount of 0.1 ml of tuberculin 
corresponding to 5000 U.S.I.U was injected intradermally in a 
shaved site located on the middle of the left side of the 
animal's neck. The skin thickness was measured with a caliper 
prior to injection. The reading was performed 72 hours later 
and the intensity of the observed responses was objectively 
determined by measuring the skin thickness of the injection 
site. A response showing an increase of 4 mm and over in skin 
thickness was considered positive; whereas a response 
associated with an increase of 1 to 3 mm in skin thickness was 
considered suspect. 
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Comparative Cervical Tuberculin Test 
The intradermal comparative cervical tuberculin test was 
conducted on cattle of herds C and D within 24 hours of a 
positive or suspect response to the single cervical skin test. 
One tenth milliliter of M. bovis and M. avium balanced PPD's 
(Ser 31 Bal 8801 and 8802, USDA) was injected intradermally at 
two shaved sites on the right side of the animal's neck 
separated by a distance of 10 cm. The reading was performed 72 
hours later by measuring the skin thickness at both injection 
sites as previously described for the single cervical test. 
The calculated skin thickness differences observed at both 
sites were plotted on a scattergram. 
ELISA Test 
Enzyme-linked immunosorbent assays were conducted on sera 
collected from animals in each herd before tuberculin 
injection was made. The test was performed as described 
previously in Part two, using M. bovis PPD and DOC extract of 
M. bovis as antigens. 
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RESULTS 
Results Of the Single Intradermal Cervical Tuberculin Test 
The results of the single intradermal cervical tuberculin 
test conducted on 325 cattle from five different herds (A, B, 
C, D and E) using mammalian HCSM-O.T. or M. bovis PPD are 
given in Table 36. Thirteen of 28 animals (46.43%) tuberculin-
tested in herd A developed DTH responses associated with an 
increase in skin thickness of 4 mm or more and two developed 
slight responses with an increase in skin thickness of 1 to 3 
mm. Nine had no detectable skin responses and four cattle 
were not presented for observation. Fifteen of 46 animals 
(32.60%) tuberculin-tested in herd B developed DTH responses 
associated with an increase in skin thickness of 4 mm or more 
and 31 had no detectable skin responses. Seven of 39 animals 
(17.94%) tuberculin-tested in herd C (17.94%) developed skin 
responses associated with an increase in skin thickness of 4 
mm or more, 3 developed slight responses associated with an 
increase in skin thickness of 1 to 3 mm and 29 had no 
detectable skin responses. Four of 176 (2.27%) tuberculin-
tested in herd D, developed DTH responses to M. bovis PPD 
associated with an increase in skin thickness of 4 mm or more, 
7 (3.97%) developed slight responses associated with an 
increase in skin thickness of 1 to 3 mm and 165 had no 
detectable skin responses. Nine of 36 animals (25%) 
tuberculin-tested in herd E developed DTH responses associated 
with an increase in skin thickness of 4 mm or more animals and 
27 had no detectable skin responses. 
The frequency distributions of the responses to the 
single intradermal cervical tuberculin test for herds A, B, C, 
D and E are shown in Figure 11. 
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Table 36; Tuberculin skin test responses (mm increase 
in skin thickness) in 321 cattle from five 
different herds 
Herds 
A • 
B 
C 
D 
E 
Number of 
animals 
Tuberculin skin test responses (mm) 
00 
09 
31 
29 
165 
27 
261 
1-3 
02 
00 
03 
07 
00 
12 
S4 
13 
15 
07 
04 
09 
48 
Distribution of DTH responses in different age groups 
The distribution of DTH responses to mammalian tuberculin 
(O.T. or PPD) in different age groups was found to be related 
to management practices. In dairy herds (A, B ,C and D), 
positive or suspect DTH responses were confined to females 
older than 5 years of age. However, two 2 year-old heifers had 
positive or suspect skin response in herd D, while no skin 
responses were observed in males. In traditionally managed 
herd E, positive skin test responses to tuberculin were 
observed in females and males of all age groups; 3 were 5-year 
or more old, 4 were aged between 2 and 4 years of age and 2 
were less than 2-year old. 
Results of the Comparative Cervical Test (CCT) 
The results of the comparative M. bovis and M. avium 
tuberculin tests conducted on 10 and 11 cattle from herds C 
and D, respectively, which had positive or suspect skin 
responses to mammalian HCSM-O.T or to M. bovis PPD are given 
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in Tables 37 and 38. Responses to M. avium PPD in most animals 
tested was equal to or greater than that to M. bovis PPD. Skin 
thickness associated with DTH responses to M. bovis or 
M. avium PPD's in herds C and D were plotted on scattergrams 
(Figures 12 and 13). Cattle tested from herd D were within the 
negative group; 2 animals from herd C were suspect. 
Results of Enzyme-Linked immunosorbent Assay 
Results of ELISA conducted on sera of 325 skin-tested 
cattle in five different herds using M. bovis PPD or M. bovis 
BMl DOC antigen are shown in Table 39. Positive ELISA 
reactions using either Jï. bovis PPD or M. bovis BMl DOC 
antigen were detected, respectively, on sera of 29 (78.37%) 
and on sera from 31 (83.78%) of 37 cattle from herds A, B and 
E found positive to skin tuberculin test (4 mm or greater 
response) . Sera of the 2 cattle suspect to skin tuberculin 
test (1 to 3 mm response) as well as sera of 4 cows not 
presented for observation of skin test in farm A had positive 
ELISA reactions using M. bovis PPD or DOC extract of M. bovis 
as antigens. Positive ELISA reactions using M. bovis PPD or 
M. bovis BMl DOC antigen were respectively detected on sera of 
15 (22.38%) and on sera of 20 (29.85%) of 67 animals found 
negative on tuberculin test. Likewise, sera of 9 (81.81%) and 
sera of 8 (72.72%) of 11 cattle found positive to skin 
tuberculin test (4 mm or greater response) in herds C and D 
had positive ELISA reactions using KN. bovis PPD or DOC extract 
of H bovis. respectively. Sera of 3 of 5 cattle from herds C 
and D, suspect to skin tuberculin test (1 to 3 mm response) 
had positive ELISA reactions using Mi. bovis PPD or M. bovis 
BMl DOC antigen. Positive ELISA reactions using M. bovis PPD 
or M* bovis BMl DOC antigen were respectively detected on sera 
of 11 and on sera from 9 of 183 animals found negative to 
tuberculin test in farms C and D. 
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Table 37: Results of the comparative cervical test 
conducted on 10 cattle from herd C classified 
as positive or suspect on single cervical 
tuberculin test 
Tuberculin skin test response® 
Animal 
M. bovis PPD M. avium PPD 
1 4.5 5.0 
2 4.5 6.0 
3 1.0 1.0 
4 2.0 6.5 
5 1.0 N R° 
6 1.5 3.0 
7 5.0 3.0 
8 4.0 3.5 
9 5.5 5.0 
10 N R 1.0 
Table 38; Results of the comparative cervical test 
conducted on 11 cattle from herd D classified 
as positive or suspect on single cervical 
tuberculin test 
Animal 
Tuberculin skin test response® 
M. bovis PPD M. avium PPD 
1 N R*) 0.5 
2 2.0 3.5 
3 3.5 2.5 
4 4.5 5.0 
5 1.5 2.0 
6 2.5 1.5 
7 2.5 3.0 
8 0.5 2.0 
9 2.0 5.5 
10 1.5 8.0 
11 2.0 3.5 
® Increase in skin thickness (mm) 
No response 
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Table 39; Comparison of ELISA reactions using 2 Jî. bovis 
antigens and tuberculin skin test responses in 
321 cattle from 5 different herds 
Tuberculin 
skin test 
responses 
M. bovis PPD ELISA M. bovis DOC ELISA 
Positive Negative Positive Negative 
pa 09^ 04 10 03 
Herd A S^ 02 00 02 00 
N® 05 04 08 01 
P 12 03 12 03 
Herd B S 00 00 00 00 
N 08 23 10 21 
P 06 01 05 02 
Herd C S 01 02 00 03 
N 01 28 01 28 
P 03 01 03 01 
Herd D S 02 05 03 04 
N 10 155 08 157 
P 08 01 09 00 
Herd E S 00 00 00 00 
N 02 25 02 25 
Total 69 252 73 248 
® positive skin responses (> 4mm) 
^ suspect skin responses (l-3mm) 
^ no skin response 
^ number of animals 
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DISCUSSION 
In Morocco, the single cervical intradermal tuberculin 
test is the official method for detecting tuberculosis in 
cattle. Recently, the problem of non-specific reactivity to 
mammalian tuberculin was recognized to occur in some 
intensively managed dairy herds (97). This has raised some 
criticism about the reliability of the test. 
This investigation was conducted to evaluate the 
usefulness of the comparative cervical test using bovine and 
M. avium PPD's at equal potency to discriminate between 
specific and non-specific tuberculin responses in 2 herds (C 
and D) for which false positive responses to mammalian 
tuberculin were reported to occur. In addition, an indirect 
ELISA which was previously used for the detection of 
mycobacterial antibodies in sera of experimentally sensitized 
cattle was compared with tuberculin skin test responses in 
herds (A and B) previously reported to have tuberculosis and 
in herds with false positive responses to tuberculin (C and D) 
or with unknown tuberculosis status (E). 
The results of the single cervical intradermal tuberculin 
test using HCSM.O.T. indicates that bovine tuberculosis is 
widespread among cattle from herds A, B and E. Pathologic or 
bacteriologic confirmation of the disease in these herds was 
not possible, since reactors were not sent to slaughter. 
However, considering the history of herds A and B and the 
clinical evidence of tuberculosis in herd E, the 3 herds 
should be regarded as tuberculous. The percentage of reactors 
among animals skin tested varied from 25% in herd E to 54.16% 
in herd A. This highlighted the importance of tuberculosis at 
the herd level, and emphasized the need for rapid disposal of 
reactors as stipulated by the law. 
In contrast to alleged assumptions that moroccan local 
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breed cattle are less susceptible to tuberculous infection 
than dairy breeds (4), this trial indicated that they are 
equally susceptible. Furthermore, all reactors of herds A and 
B were 5 year or older females, whereas reactors from herd E 
were of various age groups. This emphasizes the importance of 
management practices. Unlike cattle of herd E, milking cows of 
herds A and B were kept in separate premises from newborn, 
males or heifers. This may explain the fact that tuberculosis 
was confined to older animals. Hence, tuberculin skin testing 
of older animals could be of value in herd screening studies 
for tuberculosis in intensively managed dairy herds in 
Morocco. 
Detailed comparison of response sizes to tuberculin 
was not a major aim of the present study. However, to insure 
an accurate and objective assessment of skin responses, 
measurements of skin thickness were conducted. This proved to 
be useful as some animals developed weak responses which may 
be missed if reading was performed by visual observation and 
subjective palpation. Therefore, this technique should be 
considered as routine or standard method for the evaluation of 
skin test responses in cattle. Moreover, it was found that the 
responses in tuberculous animals of herds A, B, and E were 
larger and more variable than false positive responses of 
cattle from herds C and D (Figure 11). Further studies are 
necessary to determine whether this finding could be useful as 
an adjunct to the comparative cervical tuberculin test for 
detecting bovine tuberculosis. 
The results of the single cervical tuberculin test 
(SCTT) using HSCM.O.T. or M. bovis PPD showed that some 
animals from herds C and D displayed positive or suspect skin 
responses. The comparative cervical tuberculin test (CCT) 
using M. bovis and M. avium PPD's at equal potency conducted 
within 24 hours of a positive or suspect response to SCTT 
proved to be useful to clarify the herd's status. The 
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usefulness of the CCT as an aid to diagnosing bovine 
tuberculosis was similarly reported by many investigators 
(21,64,91,151,180). Although, 2 animals from 
herd C were classified as suspects, the observed skin 
responses to SCTT in herds C and D could be attributed to 
sensitizating organisms other than M. bovis (personal 
communication). The origin of these false positive responses 
remains to be elucidated, although IJ. paratuberculosis was 
isolated from the ileo-cecal valve of a cow originating from 
herd D. Thus, paratuberculosis could account for some false 
positive responses in these herds. Although previously 
diagnosed in cattle, sheep and goats in Morocco (personal 
communication), the prevalence of ruminant paratuberculosis in 
Morocco is unknown and deserves further studies. However, and 
as pointed out by many investigators (21,151), the CCT 
requires trained veterinarians and should not be applied on 
individual basis but rather at the level of herds of large 
cattle population with known tuberculosis status. 
The results of an ELISA reported herein using either 
M. bovis PPD or M bovis DOC antigen allowed for the detection 
of antibodies in the sera of 29 (78.37%) and 31 (83.78%) of 37 
cattle, respectively, from herds A, B and E which reacted 
positively to tuberculin skin test (4 mm or greater response). 
This is similar to the findings reported in part II of this 
study in cattle from which M. bovis was isolated. These 
findings are also in agreement with the results reported in 
other studies (195,205) in elk or cattle exposed to M. bovis 
infection. Furthermore, sera of 6 cattle from herd A (2 
suspects and 4 were not presented) were classified as positive 
on ELISA using both M. bovis antigens. Therefore, these 
animals should be regarded as tuberculous. These results 
emphasized the usefulness of ELISA as a complementary tool to 
tuberculin skin test in detecting tuberculosis in cattle with 
suspect skin responses or in cattle which may be intentionally 
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hidden because they developed significant DTH responses. On 
the other hand, positive ELISA reactions using either M. bovis 
PPD or bovis DOC antigen were detected respectively, in 
22.38% and 29.85% of cattle which had not reacted to 
tuberculin skin test. Considering that herds A, B and E are 
infected with tuberculosis, a likely explanation would be that 
some of these animals were anergic to tuberculin skin test or 
were recently infected. However, the importance of humoral 
responses induced by repeated tuberculin tests as suggested by 
some authors (10,179,203) should also be considered. 
In herds C and D, ELISA using M. bovis PPD and M. bovis 
DOC antigen successfully detected 81.81% and 72.72%, 
respectively, of animals with positive skin test responses. 
However, only 37.5% of animals with suspect skin responses 
were found positive on ELISA. This agrees with the results 
reported in part I of this study on heterologously sensitized 
calves and with the findings of Thoen and associates (203) 
with regards to cross-reactivity on ELISA conducted on sera of 
cattle exposed to MOTT. This suggests that infection with 
mycobacteria other than M. bovis (i.e., paratuberculosis) may 
induce false positive ELISA reaction. 
The results reported herein indicated as shown previously 
that ELISA using M. bovis DOC antigen is more sensitive than 
with M. bovis PPD. These findings also suggest that there is a 
reciprocal relationship between humoral and cellular responses 
in bovine tuberculosis. Since no single test achieves 100% 
detection of cattle exposed to M. bovis; a combination of 
ELISA and tuberculin test would result in increase of 
sensitivity for screening cattle tuberculosis. This may allow 
for earlier removal of infected animals which may not be 
detected by a single test thereby minimizing the spread of 
tuberculosis to other animals. 
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GENERAL SUMMARY 
Several approaches have been used to isolate and to 
purify mycobacterial antigens; however, no definitive 
information is available on isolation or characterization of 
species-specific antigen (15,50,84). Recently, sodium 
deoxycholate (DOC) has been used to extract immunologically-
active cell wall components of virulent Mycobacterium bovis 
(84). This procedure was utilized in this study to extract 
cell wall components of M. bovis and M. avium. isolated from 
cattle in Morocco and M. fortuitum as well as related 
organisms e.g., Nocardia asteroides and Rhodococcus eaui. The 
extracts from H» bovis. N. asteroides. M. fortuitum. and M. 
avium. were fractionated by size exclusion chromatography 
using Sephadex S-200. Two fractions (1 and 2) were obtained at 
absorbance of 280 nm. Fraction 1 of M. bovis. M. avium. M. 
fortuitum and of N. asteroides and nonfractionated DOC extract 
of B- eaui elicited delayed-type hypersensitivity responses in 
homologously or heterologously sensitized guinea-pigs. 
Significant enzyme-linked immunosorbent assay (ELISA) values 
were obtained using sera from cattle 4 weeks after 
sensitization with homologous bacterial preparations (p<0.01). 
Significant ELISA cross-reactions were observed in M. bovis or 
M. avium sensitized calves, using heterologous antigens. These 
findings suggest an antigenic relatedness between these 
organisms and emphasize the need for additional purification 
steps to characterize relevant antigenic constituents. 
The results of mycobacteriologic examinations conducted 
on tissues collected from 246 cows in 5 major abattoirs of 
Morocco, revealed that M. bovis was isolated from 29.67% of 
the cattle examined. This suggests that bovine tuberculosis is 
widespread among moroccan cattle and emphasizes the need for 
eradicating the disease. Mycobacteria other than M. bovis 
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(MOTT) were isolated from tissues of 23 carcasses (9.34%), 
most of which were characterized as belonging to Runyon Group 
III. The clinical significance of these organisms was not 
clearly established in this study; however, MOTT were isolated 
from detectable lesions of cattle from which M. bovis was not 
isolated. Particular concern may arise from the fact that 
infection or merely colonization with MOTT could give rise to 
tuberculin sensitivity and to misleading results from the 
standard tuberculin skin test. This must be considered in any 
eradication program and emphasizes the crucial role of the 
laboratory in providing assistance to resolve the problem of 
nonspecific skin test responses. 
An indirect enzyme-linked immunosorbent assay using 
M. bovis PPD or M. bovis DOC fraction 1 as antigens was used 
for detecting antibodies in sera of cattle from which M. bovis 
was isolated. The sensitivity for M. bovis PPD was 76.71% and 
for DOC extract of M. bovis was 79.45%; the specificity was of 
90% and 92%, respectively. These values are similar to those 
achieved by the tuberculin skin test under optimal conditions 
(71). Therefore, the operative advantage of ELISA could make 
it an obvious choice for screening studies in area where 
tuberculosis is prevalent. Lower ELISA sensitivities were 
obtained when using heterologous DOC antigens. 
Investigations conducted on five selected herds in 
Morocco using the cervical intradermal tuberculin test and 
ELISA revealed that cattle in three herds were tuberculous. 
The comparative cervical tuberculin test using M. bovis and 
M. avium PPD's at equal concentration was conducted within 24 
hours of a positive or suspect skin response; no reactors were 
identified in the remaining two herds. 
Comparison of tuberculin skin test responses revealed 
that responses in cattle from tuberculous herds were larger 
and displayed a great variability than responses classified as 
false positive observed on cattle from herds in which 
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tuberculosis was not diagnosed. Further studies are necessary 
to determine whether this finding could be useful as an 
adjunct to the comparative cervical tuberculin test for 
detecting bovine tuberculosis. In addition, combination of 
ELISA and tuberculin skin test conducted on animals from 
tuberculous herds was found to be more sensitive than either 
test conducted alone. 
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